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The Journal of Pharmaceutical Sciences 
considers manuscripts for publication in 
the following categories: 


Review Articles—Summaries covering the more recent ad- 
vences in an area in which the author has been actively 
engaged will be published as review articles. Such papers 
are intended to be critical evaluations of published reports 
which have previously appeared in the scientific literature. 


Research Articles—Reports of original laboratory research 
in pharmacy will be considered for publication in this s >*ion. 
Pharmacy is defined here in the broadest sense, and includes 
pscrmaceutically related investigations in allied basic disci- 
pies. 


Technical Articles—Reports of an original nature which de- 
scribe investigations or developments dealing with phar- 
macetutical processes, technology, engineering, or their ap- 
plications will be considered for publication under this heading. 


Drug Standards—Reports which include proposed specifica- 
tions and assay procedures for basic drugs or their dosage 
forms will be published in this section as they become avail- 
able. Such reports will generally include discussions of the 
methods proposed and an explanation of the procedures 
chosen. 


Notes—Brief reports, generally describing original research of 
a more limited nature, will be published under this heading. 


Communications—Short communications which report new 
findings of outstanding importance will be given prompt 
publication after review and acceptance. Corrections and 
reinterpretations of previously published reports will also 
be considered. Communications should generally be written 
in paragraph style, without figures, tabies, or headings other 
than a title. 


Except for review articles, suitable contributions are welcome from 
authors in any of the above categories. Review articles are 
solicited by special invitation from the Editor. All manu- 
scripts, except those invited, are subject to review both by 
the editors and qualified outside referees. It is understood 
that manuscripts submitted have not been published previ- 
ously and are not being submitted elsewhere. 
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— The Editor comments 


FIFTY YEARS OF SERVICE 


This month marks the fiftieth anniversary of the 
publication of this Association’s Journals, and the 
event is being appropriately commemorated in the 
Golden Anniversary,’’ December 1961 issue of the 
Journal of the American Pharmaceutical Association. 
Although a number of forerunners had been issued 
earlier, such as the Proceedings and the Bulletin, it 
was just fifty years ago that Volume I, Number | of 
the original JOURNAL made its appearance. 


In the interim since then, the periodical has 
undergone a number of major changes, largely re- 
sulting from its growth in content, expansion in 
scope, and increase in circulation. Probably the 
most notable changes were the division of the 
JOURNAL into the Scientific Edition and the Practical 
Pharmacy Edition in 1940, and subsequent re-titling 
of the two editions in January of this year. There- 
fore, although the name of Tu1s JOURNAL was re- 
cently changed, it nevertheless can trace its history 
and direct continuity back fifty years to that inaugu- 
ral issue of January 1912 


This half century of service is most significant to 
the Association and indeed to all American Phar- 
macy. One of the chief criteria in judging whether 
a certain activity or pursuit qualifies for considera- 
tion as a profession is the existence of an organized 
literature in that field. This literature must relate 
to the accomplishments of the members of that 
group and must include periodicals in which original 
research can be recorded. In this manner those 
actively engaged are able to add to the body of 
knowledge in that discipline, to communicate infor- 
mation to other interested individuals, and to ad- 
vance the practice of that profession— thereby en- 
hancing its status. Obviously such a literature will 
be dynamic if it is to fulfill properly its role as part 
of an active profession 


The publication program supported by the A.Pu.A. 
has certainly been of this nature, and unquestionably 
the JOURNAL OF PHARMACEUTICAL SCIENCES repre- 
sents a fundamental asset to pharmacy at a time 
when it appears particularly important to emphasize 
pharmacy’s basic professional character. 
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INSIDE LOOK 
FLAVORS 
THAT SELL 


Look closely at any successful nutritional product. Taste it, compare it. Why is it some 
flavors have compelling consumer appeal? 


IFF flavors sell and resell for two important reasons. They are exclusively designed for * 
your product, your markets—and they are the finest flavors available. IFF flavors have 
created new tastes in all types of nutritional and drug products—liquid, tablet, and 
powder—improved established products, and created brand-building sales the world over. 


To manufacturers interested in selling abroad, IFF can supply your flavor—uniform in 
taste—from any of its plants throughout the Free World. 


For an inside look at flavors designed to sell your products, contact IFF. 


FLAVOR DIVISION 


W INTERNATIONAL FLAVORS & FRAGRANCES INC. 
— 417 Rosehill Place, Elizabeth 2, N. J. 
Leading Creators and Manufacturers im the World ef Filaver 
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GPL ELECTRONIC PUPILLOGRAPH 


AUTOMATIC MEASUREMENT OF PUPILLARY REACTIONS 
SRTERDED PRIMARILY FOR RESEARCH IN 


MEASURES 
BOTH EYES 
SIMULTANEOUSLY 


The GPL Electromfe Pupillograph uses scanning techniques measure -pupiiary 
reaction to light and to provide outputs f@iete electrical recording of such Curves 4s Theses 


NORMAL EYES LEFT PERIPHERAL SYMPATHETIC DAMAGE LEFT PARTIAL PARASYMPATHETIC DAMAGE 


DIAMETER -» 
(MM) 


Charts show diameter vs. time. Solid line is right pupil; broken line is left pupil. 


Pupillography is the accurate recording and detailed analysis of the pupillary reactions 

of the two eyes under controlled conditions. Such studies can aid in the detection and 

localization of a variety of conditions within the nervous 

centers and pathways of pupillary control. 

The GPL Pupillograph now eliminates the tedious measur- 

ing and plotting previously needed, making the technique 

practical for research and clinical applications. And, because 

it precisely measures pupil diameter 60 times per second, 

the instrument is sensitive to the slightest momentary fluc- 

tuations of pupil size. 

A reprint of an article from the A. M. A. Archives of 

Ophthalmology, discussing the new instrument and its ap- Options! 

plications, will be sent on request, along with complete accessories available 

performance specifications and technical information. from GPL include chair and 
chart recorder, or existing 
equipment may be used if 


GPL DIVISION desired. Also available are 


electronic channels for rate 
GENERAL PRECISION. INC. of-change or pupil size and 
right-left difference. 
Write for complete data. 


Dept. P-712, Pleasantville, New York 
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Journa! of Pharmaceutical Sciences 


THE UNIVERSITY OF MANITOBA COMPLETE 


LABORATORY 
School of Pharmacy SERVICE! 


Applications are invited for the f wING eppointment 

Kective otember 1. 1969 

Small and Large Animal Research, 

1. Assistant Professor with Ph.D Pharmac ay Toxicity Tests, Human Patch Tests. 
Bacteriology — Screening, Testing. 

2 Ass stant Pr fessor with Ph.D. in Pharmacognosy or Research Bactericides, Fungicides 

Plant Chemistry Chemistry—Visible, Ultraviolet, Infrared 

“alll demand and New Products. Pilot Plant 

Applications, includina a curr m vitae and f put 


ST. LOUIS 8, MISSOURI © JE. 1-5922 


The Massachusetts College of Pharmacy 
Longwood Avenue, Boston 


Graduate study in Boston has always appealed strongly to students in the 
health professions. The environment is stimulating and attracts students 
from all parts of the world. Library, laboratory, hospital, and other 
facilities for graduate work are outstanding in this area 


The Massachusetts College of Pharmacy is located in this great educational center. It offers 
unusual opportunities to graduates of colleges of pharmacy who are interested in further study 
in pharmacy, pharmaceutical chemistry, and pharmacognosy 


For additional information, write to HOWARD C. NEWTON, Dean 


NOTICE 
PAPERS FOR SECTION MEETINGS 
OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


The next annual meeting of the American Pharmaceutical Association wil be 
held in Las Vegas, Nevada, March 25-30, 1962. Titles and abstracts (not to exceed 
200 words) of papers must be submitted to the appropriate Section secretary not 
later than January |, 1962, or preferably earlier, in order to assure a place on any 
Section program. Papers should be sent to the appropriate Section secretary ; 
the names and addresses of these secretaries are listed below. 


SECTION SECRETARIES 


SCIENTIFIC HISTORICAL PHARMACY 
Rosert C. ANDERSON Estuer J. W. Have 
Eli Lilly & Co. College of Pharmacy 
Indianapolis, Ind. University of Texas 


Austin, Tex. 


SECTION ON PHARMACEUTICAL TECHNOLOGY 
J. 
College of Pharmacy 
University of Texas 
Austin, Tex. 
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Want a quick reference to a com- 
plete listing of all Specialties De 
partment formulas? Ask for our 
Formula Finder. 


VEEGUM does so many jobs so 
well that many pharmaceutical 
formulators tell us they make it 
a practice to “Check on VEEGUM 
first”. 


VEEGUM is easy to disperse in 
water for use as: 


An Emulsion Stabilizer. Less 
than 1% added to your form- 
ula will improve stability of 
oil-in-water emulsions. 


A Suspending Agent. VEEGUM 
gives more complete suspen- 
sion and easier redispersion 
at lower viscosities than or- 
ganic gums. 


A Thickener. VEEGUM holds 
formula consistency at higher 
than normal storage temper- 
atures. 


VEEGUM is purified colloidal 
magnesium aluminum silicate. It 
is thixotropic, non-toxic, non- 
irritating, white and opaque. The 
regular grade of VEEGUM is both 
economical and versatile. For 
special uses, these grades are 
available: 


VEEGUM HV — High viscosity, small 
flakes. 

VEEGUM WG — Powder, for tablets. 

VEEGUM F —Microfine powder, 
for tablets and oint- 


R. T. VANDERBILT CO., 
SPECIALTIES DEPARTMENT 


230 PARK AVENUE 
NEW YORK 17, N. Y. 


Please send: 

( ) New Formula Bulletin 100 8B 
( ) Sample of VEEGUM 

( ) Formula Finder 

State Application 

Name 


Title 
(Please attach to your Company letterhead ) 
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MODULAN 


Acetylated Lanolin ws 2.725.206 


Modulan is an extraordinarily protective 
and soothing emollient for use on the 
most delicate tissues. It imparts soft waxy 
hydrophobic films to skin and hair in both 
emulsified and anhydrous preparations 
such as ointments, lotions, solutions, 
soaps and shampoos. Modulan is almost 


odorless, oil soluble and hypo-allergenic. 


AMERCHOL 


lesterol Oint t Bases and Emulsifiers 
are natural (lanolin-derived) hydrophilic products which 
form stable pharmaceutical ointment vehicles. The 
Amerchols induce rapid drug release and promote optimum healing rates. They 
are non-irritating and hypo-allergenic, possessing unusual emollient and 
spreading properties. 


AMERCHOL PARK EDISON, NEW JERSEY 


INSTRUCTOR AND TWO ASSISTANT PROFESSORS 
IN DEPARTMENT OF PHARMACY 


The University of Florida College of Pharmacy has expanded its facilities and services, and the following 
positions are open, September, 1962 


INSTRUCTOR—M.5S. required with B.S. in Pharmacy to teach undergraduate courses. Opportunity to do 
work toward Ph.D. degree. Excellent salary 


ASSISTANT PROFESSORS Ph.D. required with B.S. in Pharmacy to teach undergraduate and graduate 

courses. Opportunities for research and direct graduate students. One of the positions requires that the ap- 

plicant have a good background in physical chemistry and mathematics. Excellent salary for ten months. Ad- 

ditional salary for summer sessions. New pharmacy building in conjunction with a 400-bed Teaching 

a Dean, College of Pharmacy, University of Florida; J. Hillis Miller Health Center, Gainesville, 
lorida. 


LABORATORY 
SERVICES BACK ISSUES 


for the Back issues of almost all volumes of periodicals 

of the American Pharmaceutical Association are 

FOOD & DRUG available on order from the Association. Orders 
INDUSTRIES 


SINCE 870 


or inquiries regarding the availability of specific 
issues and price quotations should clearly in- 
dicate the journal desired and specify the 
number of copies wanted, the month and year of 


Drug Evaluation, Food Additive Studies, 
Chemical and Biological Assays, 
Clinical Studies, Research 


LaWa.it & HARRISSON 
Dw. P. 1921 Walnut Philadelphia 3, Pa, LO 3-4322 


each issue, and preferably the volume number. 


Address correspondence to: 
Order Department 
American Pharmaceutical Association 
2215 Constitution Avenue, N. W. 
Washington 7, D. C. 
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The Reheis Company‘s gastronometer — the 
artificial “stomach” thet records simulated 
stomach reaction to given doses of antacid. 
Tank of artificial gastric jvice is at upper 
left. Glass reaction cell is ot lower center. 


Stamford, Connecticut * Passo Fundo, Brazil « M 


The Acid Test 


No human stomach can “tell” you its 
reactions, but the Reheis gastronometer 
simulates exactly a living stomach’s reaction 
to antacids. pH levels are accurately 
recorded as artificial gastric juice is fed 
into the reaction cell, while an overflow 
simulates the normal loss of contents from 
the stomach. 


Type F-MAI11 Tested. These tests have 
shown patented* Reheis Aluminum Hydrox- 
ide-Magnesium Carbonate Co-Dried Type 
F-MA11 to be the ideal antacid. This finely 
divided white powder reaches pH4 in the 
stomach within two minutes and maintains 
that level for at least two hours. 


For Tablets, Capsules or Powders. Though 
Type F-MA11 is a powder and can be used 
to formulate antacid tablets, capsules or 
powders, its performance equals or exceeds 
that of liquid preparations. Its dry form 
makes it especially suitable for use by the 
ambulatory patient. 


Does your product meet the antacid test? 
*U.S. Patent No. 2,797,978 


This glass reaction cell and 
associated equipment repro- 
duces stomach reactions. It 
is equipped with a constant 
speed agitator and pH 
electrodes. an 


» REHEIS COMPANY, INC. 


Manufacturers of fine chemicals and biologicals 
Main Office, Research Laboratories and Plant 
Berkeley Heights, New Jersey 
Other plants: 
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—wN. F. Xi— 
NATIONAL FORMULARY sag the APhA 
ELEVENTH EDITION ode of Ethics 


...a@ mark of 
professional prestige 


Official specifications for drugs 


Compendium recognized under 
the federal Food, Drug and Cos- 
metic Act Standards enforced by 
the Food and Drug Administra- 
tion 


The 11th Edition, official from 
October 1, 1960, provides mono- 
graphs for 815 basic drugs and 
dosage forms, along with a wealth 
of valuable related information of 
interest to the educator, research 
worker, and pharmaceutical prac- 
titioner. 


Published by the American 
Pharmaceutical Association; dis- 
tributed for the Association by 
J. B. Lippincott Company. Beautifully 


printed in 3 colors 
J. B. Lippincott Company 


East Washington Square ON LAMINATED BOARD 


: : 12” x 18", washable, permanent, “easled” for 
Philadelphia 5, Pa. counter display, “ringed” for wall $3 00 


hanging. Postpaid 
Please send copies of the ON HEAVY STOCK 

National Formulary, Eleventh Edi- suitable for framing, 10° x 16°. 

Postpaid 

tion (N. F. XI), at $9 each, to me er 

at the address below. My check is American Pharmaceutical Association 
enclosed. 2215 Constitution Ave., Washington 7, D.C. s 
Please send me copies of the A.Ph.A. Code of 


Ethics on [] Laminated Board [] Heavy Stock. 
Name Enclosed is my checked (or money order) for $ 


Nome. . 


Address 


State 
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NOW— 


An attractive 


by Meer offer 4 
; PERMANENT BINDER for 


OM Stamped with title, year and volume number 


; Cost of binders: 
MAKING YOUR PRODUCTS MORE ATTRACTIVE 
TO YOUR CUSTOMERS ...GET THE MEER CATALOG ch $3.55 
AND PRICE LIST BY WRITING TODAY! also for Scientific Edition) ase ° 
(orders of 2 or more) each $3.05 


Journal of the American Pharmaceutical Association 
@ eer ‘ation (also for Practical Edition) eoch $4.05 


Postpaid in U. S. 


2 Micon 8 SUCKERT LOOSE LEAF COVER CO. 
: : 11911 Grand River Ave., Detroit 4, Michigan 


ANNOUNCING THE 
1962 


AMERICAN PHARMACEUTICAL ASSOCIATION FOUNDATION 
RESEARCH ACHIEVEMENT AWARDS 


The American Pharmaceutical Association Foundation through the Committee on 
Awards and Prizes, A.Ph.A. Scientific Section, invites nominations before January 1, 
1962, for the 1962 annual research achievement award in each of the following 7 areas: 


1. Drug Standards and Assay 4. Natural Products 

2. Advancement of Pharmacy 5. Physical Pharmacy 

3. Pharmacodynamics 6. Stimulation of Research 
7. Pharmaceutical and Medicinal Chemistry 


Awards are intended to recognize outstanding individuals for particularly meritorious 
contributions in their chosen field of pharmaceutical research, which may be either 
theoretical and basic research or applied and technological research. To be eligible 
nominees should be on the staff of a pharmacy school, an industrial pharmaceutical 
concern, or a department of a private institution or government agency, the primary 
activity of which relates to pharmacy or pharmaceuticals. 


Each award carries with it an honorarium of $1000 (one thousand dollars). In 
addition to the $1000 for each award, travel expenses up to $300 are included to enable 
attendance at annual meeting of the Association at which the award will be pre- 
sent 


s+®» member of the A.Ph.A. may submit a nomination prior to January 1, 1962, 
to iiesearch Achievement Awards, A.Ph.A. Foundation, 2215 Constitution Avenue, 
N.W., Washington 7, D. C. 


For further details write now to the American Pharmaceutical Association Founda- 
tion at the above address for the Booklet on Research Achievement Awards, and for 
copies of the nomination form. 
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NOTICE TO AUTHORS OF PAPERS 


Manuscripts.—All manuscripts submitted to the 
Editor or presented to the Sections of the Assocta- 
TION should be ready for publication, typewritten 
with double spacing on one side of good quality 
paper 8.5” x 11” in size and with 1” to 1.5" margins. 
In addition to the original typewritten copy, one or 
more carbon copies should be submitted in order 
to facilitate examination by members of the Editorial 
Advisory Board or other referees. Each manuscript 
should include a summary to be used as an introduc- 
tory synopsis of not more than 150 words which in- 
cludes a summarization of conclusions and recom- 
mendations. All pages in manuscripts, including 
tables but not figures, should be numbered consecu- 
tively. Previously published and readily accessible 
procedures which have been followed in experi- 
mental work should not be made a part of the manu- 
script, but should only be referred to by appropriate 
literature references. 


Form of Presentation.—Titles of manuscripts 
should be kept as short as possible and preferably 
restricted to one line. The name of the laboratory 
in which the work described was done should be 
placed in a footnote at the end of the first page. 
Zach manuscript should begin with one or more 
iutroductory paragraphs indicating the intention 
and meaning of the investigation and the method 
of procedure. The introduction should be followed 
by a report of the essential details of the experi- 
mental work, and a discussion or interpretation 
where necessary. Authors may find it helpful to 
arrange manuscripts to conform to the style of 
presentation as illustrated in papers on analogous 
subjects published in recent issues of Tuts JoURNAL. 

In preparing manuscripts for publication in Turs 
JOURNAL, center headings should be avoided as far 
as possible. Side headings followed by a period and 
dash should be indented and run into the part of 
the text to which they apply. Such side headings 
may be used as freely as desired. Literature cita- 
tions should be numbered consecutively in order of 
appearance in the manuscript and should be indi- 
cated by full-sized Arabic numerals enclosed in 
parentheses. If a literature reference is cited more 
than once in a manuscript, subsequent citations 
should be indicated by the first number assigned. 
References to footnotes throughout the text should 
be numbered consecutively by superscript Arabic 
numerals, but such references in each table should 
be designated by superscript lower case letters 
beginning with “‘a”’ and continuing in natural order. 
Literature citations should be grouped at the end of 
the manuscript under the heading “References.” 
All bibliographic references should be checked with 
the original publications. The citations should 
be numbered consecutively with full-sized Arabic 
numerals enclosed in parentheses corresponding to 
the numbers used in the text. The names of all 
periodicals cited in the list of references must be ab- 
breviated in accordance with abbreviations given by 
Chemical Abstracts in its ‘List of Periodicals Ab- 
stracted.”” The sequence followed in the citations 
must be as follows: 


(1) Doe, J. B., Am. J. Physiol., 79, 289(1927). 


References to books should be in the order given: 


(1) author’s surname and initials, (2) title of the 
book, (3) volume, (4) edition, (5) name of publisher, 
(6) place of publication, (7) year of publication, and 
(8) page number. A complete book reference may 
be illustrated as follows: 


(1) Gilman, H., “Organic Chemistry,”” Vol. 2, 
2nd ed., John Wiley and Sons, New York, 1943, pp. 
1236 1252. 


Arabic numerals must be used to designate all 
definite weights, measurements, percentages, and 
degrees of temperature unless occurring at the be- 
ginning of a sentence, in which case the numeral 
and measurement are spelled out. Periods of time 
should be written in words. Unusual characters 
and Greek letters should be written plainly and 
legibly or should be explained by notes on the 
margin of the page. Fractiors should be written 
with a slant line. Standard abbreviations should 
be used whenever weights and measures are stated 
in the metric system, e. g., 10 Gm., 2.5 ml., etc. The 
forms to be used are: ml., Kg., Gm., mg., mcg., 
mm., cm., and L. 


Figures.—All drawings should be made in India 
ink, preferably on white tracing paper or cloth. 
Original drawings are preferable, but clear, well- 
prepared glossy photographic prints are acceptable. 
The size of illustrations should not exceed the 8.5” x 
11” manuscript size. They should be designed for 
reduction to the width of one column (2.75") or 
full page width (5.5"). Thus, height rather than 
width should be accentuated where possible. 


Numbers and measurements, etc., which are to 
appear on the axes of the drawing should be indi- | 
cated in pencil outside the axes, in order that they 
may be setintype. Captions and legends should be 
placed below the diagram (not on it), or, if lengthy, 
collected on a separate typewritten list, identifying 
each by its proper figure number and including 
whatever acknowledgments are necessary. 


Photographs should never be rolled, and paper 
clips should not be used unless guarded by a piece of 
paper folded several times to prevent an indentation 
in the photograph. All drawings and photographs 
should be protected from bending and from the 
chance of having their edges torn while in transit. 
Do not write on the back of a photograph. Any 
indentation in the photograph, however slight, will 
be likely to show as a blemish in the reproduction. 
All figures submitted must be referred to in the text 
of the manuscript, and should be numbered consecu- 
tively with Arabic numerals, e. g., Fig. 1, Fig. 2, etc. 
Kymograph tracings should not be submitted with 
the original experimental legends which are likely 
to have been hastily or carelessly inscribed. Authors 
may find it worth while to employ a professional 
draftsman to make the drawings in proper form for 
reproduction. 


Tables.— 


Tables should be carefully constructed 
so that the data presented may be understood easily. 
The indiscriminate use of tables should be avoided. 
Tables should be constructed so as to occupy fully a 
single column (2.75") which will take about 40-50 


characters and spaces. Tables which require two 
columns are also acceptable. Interpretative state- 
ments should not be written on the body of a table 
but should be explained in footnotes. Column heads 
should be made as small as possible and standard 
abbreviations should be used liberally. Data which 
may easily be deduced by simple arithmetic from 
data in another column should not be included. All 
tables should be referred to in the text of the manu- 
script. Every table and every column should be 
supplied with an appropriate heading. It is not 
necessary to place tables on separate sheets, and in 
fact it is preferable to intersperse them in the manu- 
script. Tables should be numbered consecutively 
using Roman numerals. The table number and the 
title should be placed in a continuous heading 
above the data presented. The preparation of a 
clear and concise table of data requires much plan- 
ning and infinite care. 
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excellent 
STABILITY 


Uniform, smooth in tex- 
ture, free from taste and 
odor—Penn-Drake Petro- 
latums have and retain these 
characteristics so essential 
to hundreds of successful 
cosmetics and pharmaceu- 
ticals. 


Developing a new product? 
Solving a troublesome prob- 
lem? Penn-Drake Technical 
Service gladly will work 
with you on any phase of 
petrolatum application. 


Write or phone. 


PENNSYLVANIA REFINING COMPANY 


BUTLER 32, PENNSYLVANIA 
Branches: Cleveland, Ohio and Edgewater, N. J. 


{ 
penn 
rak 


Journal of Pharmaceutical Sciences 


Flavors for persuasion 


Firmenich technicians have prac- 
ticed the art of creating persuasive 
masking flavors for many years. Their 
mastery in the reconstruction of 
elusive natural flavors through the 
isolation, identification and syn- 
thesis of aromatic bodies has been 
officially recognized by a Nobel Prize 
and five American Chemical Society 
International Awards under the 
Fritzsche Grant, the latest in 1961. 
Firmenich has also made these 
flavors of unchallenged purity and 
consistency available 
to the pharmaceutical 
industry throughout 


the world. When used in ethical and 
proprietary preparations, these taste- 
persuading flavors not only make 
many of them palatable for children, 
but for adults and the geriatric 
patient as well. 

Firmenich technicians are happy 
to lend you their world-recognized 
creative talents as an extension of 
your own research and application 
laboratories in the art of imparting 
taste-persuading flavors to your 
pharmaceuticals. For generous 

working samples and 


individual technical 


assistance, write : 
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INTRODUCTION 
effects of the 
plant growth has been well established due 
to the 
ported during the past 


AMAZING gibberellins on 


extensive number of investigations re 


eight vears by plant 
physiologists, agronomists, botanists, and horti 
culturists. This group of plant growth-promoting 
substances has probably stimulated more interest 
among these workers in a comparatively short 
time since their potentialities were recognized 


Well 


publications have appeared 


than did the auxins several decades ago 
over thousand 
describing the effects of these interesting com 
pounds on plant growth. <A review of the litera 
ture has revealed, unfortunately, a paucity of 
research regarding the effects of gibberellic acid 
Received from the Pharmacognosy Department 
Pharmacy, Oregon State University, Corvallis 


fter completion of the manuscript, the 1961 edition of 
‘Annual Review of Plant Physiology The 


School of 


was received rhe 
reader is referred to the article by Stuart and Cathey on the 
applied aspects of the gibberellins (198 


9X1 


GA 
of medicinal 


) on the biogenesis of the active constituents 


plants. During the past three 
years pharmacognosists and allied workers have 
this 


contributions 


become interested in growth stimulator 
As a 
made toward a better understanding of the in 
this 


medicinal plants and the subsequent formation 


result’ valuable have been 


fluence of chemical upon the growth of 


of alkaloids, glycosides, volatile oils, and other 
components 

It is not the intent of the author to present a 
comprehensive review of the effects of G.A. on 
growth have been cited only 


plant Papers 


as they appeared to be pertinent. Stowe and 
Yamaki have presented a comprehensive review 
1956 (1). A 


later publication by them covered developments 


covering the literature through 


for the following two vears (2). Other recent 
summaries include those by Wittwer and Bukovac 
Stodola 
has made a most noteworthy contribution to the 


(3), Brian (4), and Brian and Grove (5) 
literature in this area by assembling in one source 
abstracts of all papers relating to the gibberellins 
Also 


and literature abstracts by some manufacturers 


from several summaries 
In view of the wealth of 
this 
will concern itself primarily with the effects of 


are available (7-10) 


information already available discussion 
G.A. on germination, growth, and formation of 
plants. 


concerning the 


constituents of medicinal 


brief 


the active 


Likewise, a summary 
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effects 
on cell extension, and division, as well as certain 


recent developments on the chemistry, 


metabolic effects of this growth stimulator will 
be presented 


HISTORICAL 


It has been only during the past seven years 
that this growth stimulator, which had an oriental 
beginning 35 vears ago, has occupied the atten 
tion of many investigators and has opened up 
rhe 


gestion of a gibberellin-like effect due to a fungus 


exciting new areas of research first sug 


was a paper which appeared in 1912 by Sawada, 
(11) 


effect was due to 


a Japanese plant Sawada 
that the 


stimulation of the plant system by the mycelium 


pathologist 
believed bakanae” 


found on infected plants (12 Dr. Enchi 
Chiba Horti 


came to Formosa in the early 


Kurosawa, a young graduate of 
cultural College, 
1920's to work with Sawada His problem was 


to investigate means of controlling a disease ol 


rice commonly country as the 


This 


disease is caused by infection of the rice plants 


known in his 
bakanae’’ or ‘‘foolish seedling disease 
by the sotl-bearing fungus, Gibberella fujikurot, 
and causes infected plants to grow unusually 


tall; 
die. Kurosawa 


eventually 
that if he 
medium for 


later they become weak and 


demonstrated grew 


this fungus on a nutrient several 
weeks and then treated healthy rice plants with 
cell-free filtrates from the growth medium, these 
seedlings grew more rapidly than controls with 
out any infection by the fungus. He concluded 
that some metabolic product of the fungus had 
that it 


properties 13 


accumulated in the culture media and 
had 
The 


which 


plant growth-promoting 
literature 
effect of the 
fungus secretion appeared in Kurosawa’s paper 
11) Thus 


pioneering the work with the gibberellins 


first photograph found in the 


illustrated the stimulatory 


Kuresawa is given credit for 

Kurosawa and others attempted, without suc 
cess, to isolate the active material. It was not 
until 1935, however, when Yabuta of the Uni 
versity of Tokyo isolated the crystalline active 
gibberellin (14) rhree 
Sumiki 


and since then these workers and 


material and named it 
VYabuta 
gibberellin (15 


years later and characterized 


their colleagues have published many papers on 


the bakanae substances and related items 


Due to the war, publications of their investiga 
tions failed to reach American and European 
workers. The development of techniques for 
the mass culture of fungi for antibiotic production 
was applied to the production of gibberellin by 


occidental workers after the abstracts of the 


Journal of Pharmaceutical Sciences 


Japanese workers became available in 1950) 
(16-18) 

The first work on gibberellin outside of the 
orient was started about ten years ago, apparently 
independently, by a group at the United States 
Stodola and 
another group at Imperial Chemical Industries 
in Britain Brian, 


(1 \s 


workers (16 


Department of Agriculture under 


under Burrow, and others 
a result of the findings of these earl, 
IS), relatively large quantities of 
gibberellins for experimental purposes became 
available. Many pharmaceutical manufacturers 
have adapted their antibiotic equipment to the 
production of G.A. and other gibberellins. In 
1957 a G.A 
whereas today the same quantity can be pur 
Thus, 


is not a limiting factor in the commercial use of 


gram otf cost about ten dollars, 


chased for about two dollars (19 cost 
the growth stimulator since only micro amounts 


are needed to elucidate a response in plants 


CHEMISTRY OF THE GIBBERELLINS 


Gibberellin is the generic name of several 
closely related chemical substances which exert 
profound effects on plant behavior. Presently, 
seven gibberellins have been characterized and 
identified These are known as gibberellins 
A;, As, As, Ag, As, Az, amd Ag. Gibberellin A 
proved to be identical with a substance, reported 
as gibberellin X, and is now known as gibberellic 
acid (G.A.) 


investigators since it is believed to be the most 


G.A. has been employed by most 


active of the gibberellins and a relatively pure 


form is available 
Che chemistry of the gibberellins derived from 
culture filtrates of the fungus Gibberella fujikuroi 
has been extensively investigated by two groups 
of chemists, one at the College of Agriculture of 
lokvo and the other at the 
Laboratories of the Imperial 
Ltd., in England (20) 
Grove, et al., of the Akers group proposed struc 
ture I for gibberellic acid (21) and II for gib 
berellin A, (22) 


the University of 
Akers 
Chemical 


Research 
Industries, 


Cross, Grove, and collaborators 
later revised the proposed structure of G.A. so 
that the structure of ring A corresponds to III 
(20). Sumiki and his group at the University 
of Tokyo have proposed the structure for G.A 
and A, as in I and II except for the position of the 
iactone ring in A as depicted in IV and V (23-25) 
The Japanese workers have also proposed struc 
tures for gibberellin A, and A, which they iso 
lated from fungal filtrates. They believe that 
the ring structure is the same as in A, (V) but 
are modified in the C—-D rings as in VI and VII. 


The B ring in both cases is identical to that in I. 


a 

| 

li 

ra 
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+=CH, 
CHs COOH 
I. Gibberellic Acid, G 


| Tal 


HO” 


> 
c=0 CH; COOH 


II. Gibberellin A, (Dihydrogibberellic acid, GA-1) 


\ 


x 
AON 


| 
| 


HO 
HO Y 
| 


CH CH 
Revised ring for G.A (Cross, ef al IV 
A in G.A. (Sumiki, et al \ 
(Sumiki, et al 


CH, 
Ring 
Ring A in A, 


CHs COOH 
VI. Ring C and D in Ay» (Sumiki, al.). VII 
Ring Cand Din Ay. (Sumiki, efal.). VIII. Gib- 
berellin A; (Cross, et al.) 


) 
CH, ¢ 
COOH 


IX. Gibberellin As (Cre ss, el al. ) 


CHs COOH 
X. Gibberellin A; (MacMillan, et al.) 


ig. 1.—Chemical structures of the gibberellins. 


A. (GA-3, Gibberellin X, A;) 
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Cross, et al., recently discovered two additional 
gibberellins, A; and A», which are produced by 
Gibberella fujikuroi (26, 27). Their proposed 
structures are depicted in VIII and IX. Also 
West (20) has reported that MacMillan, ef al., 
have isolated A; from Phaseolus multiflorus and 
He believes 
Thus, it can 
be seen that structurally the gibberellins are 


assigned a structure to it as in X. 
it is identical to his bean factor II. 
closely related. For example, G.A. differs from 
A; only in the presence of a double bond in ring 
A; from Az;, in the presence of a hydroxyl group 
in ring C. On the other hand, gibberellins Ao, 
Ay, and Ag differ from A, only in a difference in 
D (Fig. 1). 

The evidence is conclusive that substances with 


the substituents in rings C 


biological properties similar to the fungal gib- 
berellins are present in flowering plant tissues. 
The first description of the occurrence of a 
gibberellin-like substance in higher plants was 
reported by Mitchell, et a/., in 1951 (28). West 
(29) factor I and 
bean factor II from immature bean seeds and be- 


and Phinney isolated bean 
lieve that bean factor I is identical to gibberelin 
Ai, but West (20) proposed a structure different 
from the known gibberellins for bean factor IT. 
A comparison of the infrared spectrum of the 
latter with that of A; of MacMillan showed they 
were identical. MacMillan and Suter isolated 
A, from immature bean seed (30), and Sumiki 
and Kawarada isolated A; from water sprouts 
of the (31). A number of 


other reports relating to the isolation of gibberel- 


mandarin orange 
lin-like substances from plants have been pub- 
lished (32-37). However, the substances were 
not isolated in a sufficiently pure state to permit 
a useful determination of the physical and chemi- 
cal properties of them. 

Extensive greenhouse and field investigations 
have been conducted and the results summarized 
for a wide variety of plant responses produced 
by commercial gibberellin preparations composed 
largely of G.A. 
mixtures of A, 


(about 90°) or undetermined 
and A; (1-4). Bukovac and 
Wittwer studied the comparative biological ac- 
two 
methyl-ester derivatives on promotion of stem 


tivities of the various gibberellins and 


elongation in dill (38). They found the follow- 
ing relationships: A; > A;~A,y > methyl ester 
This that 
esterification of the carboxyl group reduces the 
(As). 


been shown that the complex lactone ring is 


A; — methyl ester As. indicates 


biological activity of G.A. It has also 
essential for activity since potency is lost when 
it is opened and gibberellenic acid is formed (39, 
40). 


| 
= 
A | lec] 
j 
.| D b—cn, 
‘ 
A’ 3 
HO A 
| ) 
CH E=CH, 
VI O VII 
(“7 
Ta 
HO~ TS Vill 
| 
oO 
AC= B | 
> 
al 
oO 


YS4 


Bukovac and Wittwer in a later publication 
(41) compared the biological activities of gib 
berellins A,, Ao, As, and A, and their derivatives 
in intact plants such as beans, celery, cucumbers 
lettuce, tomato, and Weigela plants. Among the 
areas of plant behavior studied were flowering, 
fruit growth, vegetative extension, and dormancy 
Che biological activities of the four gibberellins 
and their derivatives varied with the assay, site 
of treatment, and the amount applied. It was 
interesting to note that they found that 
gibberellin A, had a markedly greater effect on 
the stem elongation of cucumber Chis has also 
been confirmed by Halevy and Cathey, who 
found that A, was significantly more active than 
A,, As, or As in promoting hypocotyl elongation 
of seedlings grown in light (42), and by Lockhart 
and Deal in the same plant (45 Likewise 
Brian and Hemming reported that gibberellin 
A, and Ag, were considerably more active in pro 
moting hypocotyl growth in cucumbers than 
G.A. (44) his indicates that plants are 
selective in their response to the various gibberel 
lins. Further, this specificity of certain plants 
to definite responses bv a selected gibberellin 
could be utilized as a bioassay for differentiation 
between the naturally occurring gibberellins in 
plants. Halevy and Cathey in their study with 
cucumber seedlings also found that the potas 
sium, sodium, and zine salts of G.A. (As) were 
as active as the free acid and that the butyl 
cellosolve ester was almost as active as the acid 
However, the methyl, butyl, and octyl esters 
were relatively inactive 

Since G.A. (gibberellin A,) is readily available 
and has been utilized to the greatest extent, a 
few pertinent facts are in order. The total con 
tent of G.A. varies somewhat according to the 
commercial source Our supply contains SS.1%; 
of gibberellic acid. It is prepared by submerged 
synthetic cultures of Gibberella fujikuroi, with 
the vield being about 10 mg. L. of medium 
It contains about moisture and 1.5%, 
gibberellenic acid (a hydrolytic product of G.A 
Its specific rotation is +75.2; m.p. about 240° 
Pure gibberellic acid has the molecular formula 
and a molecular weight of S464 
Six milligrams of pure G.A. dissolves in | ml. of 


° ‘It is readily soluble in cold meth 


water at 25 
anol, ethanol, acetone, and isopropanol, and less 
readily soluble in ethyl acetate, ether, and 
petroleum ether. Dry G.A. 1s stable at room 
temperature. Aqueous solutions lose potency 


at room temperature (25°). To avoid excessive 


We are indebted to Dr. Edwin F. Alder, Agricultural Re 
search Center, Eli Lilly and Co, Greenfield, Ind., for the 
generous supply of GA. employed in our studies 


Journal of Pharmaceutical Sciences 


loss of potency, aqueous solutions should be 
prepared fresh before applying and never kept 
for more than a week even under refrigeration 
Preparation of a stock solution in absolute aleohol 
and storing in a refrigerator offers a method of 
convenience and stability to the imvestigator 
Dilution of aliquots from the stock solution with 


water can then be made as needed 


CELL EXTENSION AND DIVISION 


The most characteristic and consistent vegeta 
tive response of plants to G.A. 1s an increase m 
internode length. This is especially true in 
cereals. Increased cell length accounts for all or 
most of this internode or cereal leaf elongation 

! Kato (45) and Brian, et al. (46), believe that 
cell extension ts implic¢ ated It appears that cell 
elongation rather than cell division is the primary 
effect in rice and other cereals. However, recent 
evidence indicates that cell division is induced in 
many other plants. Lang in 1956 suggested that 
when gibberellin was applied to nonvernalized 
biennial //voscyvamus niger, the formation of an 
elongate stem was due to an increase in the 
number of cells (47 \ vear later Lang and 
Sachs presented direct evidence that wibberellin 
caused an increase in cell division in nennial 
Hl. niger (4S Others have indicated that the 
increased stem elongation of Phaseolus from 
vibberellin treatment involves a considerable 
increase in cell multiplication as well as extension 

The most comprehensive studies concerning 
the effect of G.A. in the plant cell are the recent 
reports of Sachs and co-workers rhey found 
in the course of their studies on the cytological 
and histological effects of G.A. that stem forma 
tion in rosette plants 1s due not to an increase in 
the cell division activity of the existing apical 
meristem, but to the appearance of a new zone 
of very active cell division immediately below 
this meristem (51-55 It was suggested that 
gibberellins or gibberellin-like, native growth 
substances were factors limiting the subapical 
meristematic activity in rosette plants. Thus, 
the transition from the rosette habit of growth to 
stem elongation is the result of cell division in the 
subapical region of the shoot and this process 1s 
controlled by gibberellin. Sachs, ef al. (54), 
further observed in a study of two varieties of a 
caulescent plant, Chrysanthemum mortfolium, 
that Amo-1618, (4-hydroxy-5-tsopropyl-2 methyl 
phenyl) trimethylammonium chloride, completely 
inhibited subapical mersitematic activity. G.A., 
applied either simultaneously or following the 


({mo-1618 treatment, completely prevented or 


¥ 
| 
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reversed the effect of Amo-161S, making the 


plants retain or resume normal growth habit 


Either compound had very little influence upon 


concluded that gibberellins, or native, gibberellin 


the activity of the apical meristem 
like substances appear to regulate the activity of 
the subapical meristem and thus play an im 
On the other 
hand, Amo-1618 and related compounds appear 


portant role in shoot development 
to exert their dwarfing effects in plants by 
acting as gibberellin antagonists 

Sachs and Lang in a recent publication (55) 
report on the influence of G.A., Amo-1618, and 
maleic hydrazide on shoot histogenesis and the 
subapical meristem. Seven difierent plants were 
that G.A 
stem elongation in rosette plants by stimulating 


employed. They concluded caused 
mitotic activity immediately below the apical 
(pro) meristem. The cells produced in this zone, 


after elongation, constitute the tissues of the 


mature, elongate stem. In caulescent plants a 
subapical zone of mitotic activity was observed 
as much as 2 cm. in length, similar in activity to 
that in rosette plants receiving prolonged treat 
By treatment with Amo-1I618, 
subapical (but not apical) cell divisions were con 


ment with G.A 


siderably reduced and, soon after, shoot elonga 
G.A 
inhibition of subapical cell division induced by 
Amo-1618 


tion ceased prevented and reversed the 


hus, in caulescent as well as in 
rosette plants, G.A. plays an important role in 
regulating subapical mitotic division, thereby 
controlling shoot elongation (55) 

It would appear from the reports in the litera 
in the cell that both 
cell extension and cell division play an important 
role in G.A 


of Sachs and co-workers indicate that cell division 


ture on the action of G.A 


induced growth. The recent work 
is implicated to a greater extent than heretofore 
believed This is one of but many examples 
1-5) where investigations with G.A. have given 
a better understanding of the many complex 
biological processes involved in plant growth. 
state that 
aspects of growth, cell multiplication and cell 


Steward and Schantz (56) the twin 


enlargement, are commonly treated separately, 
as though they were subject to distinct stimuli 
and controlling factors. However, cells divide 
first and then they enlarge. These two growth 
processes frequently merge smoothly, the one 


into the other, and indeed often overlap (56) 


DORMANCY AND SEED GERMINATION 


The familiar winter dormancy of deciduous trees 
and shrubs is a photoperiodic phenomenon in 


duced by the short days of winter. Growth will 
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only start again after exposure to an increased 
day length and/or exposure to low temperatures. 
Treatment of dormant twigs of beech and ash 
with G.A. induced resumption of growth without 
exposure to the normal stimuli (57). Dormancy 
of resting buds of Fagus sylvatica (58), summer 
dormancy, arrested fruit growth, of Marglobe 
tomatoes (59), and epicotyl dormancy of tree 
peonies (60, 61) have been broken by G.A. treat 
rhe G.A 
periodically-controlled dormancy of woody plants 


ment influence of on the photo- 


has been investigated (62-67). Favorable re- 
sponses were reported in the Elberta peach, 
Acer, Camellia, and some species of Pinus, 
whereas no effects were noted in Pinus coulteri 
other 


hand, it is interesting to note that application of 


and Pseudotsuga macrocarpa. On the 
gibberellin in the fall to Vitus vinifera prolonged 
the dormancy of the shoots of this woody plant 
the following spring (68) 
that application of G.A. in late summer and 
autumn delayed leaf fall in several woody species 
(69) 


Brian, et al., reported 


Further observations on these plants the 
following spring showed that dormancy in many 
of them was prolonged (70). Properly chosen 
treatments with gibberellin in the autumn might 
usefully be employed to delay flowering in the 
following spring, in areas where frost damage is a 
hazard of fruit cultivation (68, 70) 

The dormancy of potato tubers is broken by 
treatment with G.A. This type of dormancy is 
not related to photoperiod or any requirement for 
vernalization (cold treatment), but disappears 
gradually following the harvest of the tubers. A 
condition of physiological rest for a period of 
from 6 to 12 weeks after harvest appears to be 
necessary before sprouting occurs. Dormancy of 
potatoes and induced sprouting have been re 
Earlier and 
more uniform sprouting which results in a more 


ported by several workers (71 74) 


rapid maturity of the crop has resulted from 
both 
Chao has broken the dormancy of arti- 


treatment of dormant and nondormant 
tubers 
choke tubers and Irish potatoes by a gibberellin 
treatment (75) 

freatment of seeds with G.A. has, in many 
cases, overcome seed dormancy and has promoted 
an earlier and more uniform emergence of the 
seedlings. The germination process is a complex 
series of biochemical and physiological changes 
involving the initiation of growth and mobiliza- 
tion of reserve materials within the seed to be 
used by the embryo during growth. The process 
is controlled by a system of interlocking reac- 
tions. These must at all times be kept in balance. 


rhe following sequence of reactions probably 


‘ 
Ty 
a 
rh 
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occur during germination: imbibition of water, 
enzymatic and respiratory activity, digestion, 
translocation, assimilation, and growth. For a 
more complete discussion of this process see 
Toole, et al and Koller (77) 

The occurrence of gibberellins in seeds is now 


well established (4, 78-80) 


(76), 


It appears that gib 
berellins and auxins are essential for the proper 
maturation of seeds. Edwards, in 
gibberellin in the germination of corn seeds (S81) 
Kahn that dark 


germination of lettuce would not 


gibberellin 
that 
germinate in the absence of a promoter because 


reported causes 


seeds 


of a relatively low supra-optimal germination 
temperature ; 
light; 


inhibition produced by far red 


dark-osmotic inhibition; and inhibition 
induced by a high temperature pretreatment (S82) 
He also concluded that gibberellin is capable 
of replacing red light in every situation examined 
in which light promotes germination of lettuce 
The breaking of lettuce seed dormancy 
Fur 
ther, Skinner, ef al., have demonstrated that a 
combination of 


seeds 


has also been reported by others (83-85) 


gibberellin and 6-(substituted) 
purines act synergistically in stimulating the 
rate of germination of lettuce and carpet grass 
seeds (86). Mayer has reported that G.A. re 
versed the inhibition of lettuce seeds by coumarin 
(87) 
germination rate from gibberellin seed treatment 
include: beans and peas (88, 89); corn, beets, 
and tomatoes (89); 
(91); Kalanchoe 


wild oats (94); eggplant, spinach, and carrots 


Other plants demonstrating an increased 


papaya (90); sweet cherry 


(92); saguaro cactus 
(95); sugar cane (96); wheat (97); and creeping 
red fescue (98) 

Perusal of the literature revealed several in 
teresting and 
The stunting of maize seedlings by 
radiation of the G.A 
treatment (99). Also, dormancy of potato tubers 


aspects regarding germination 
dormancy 
seeds was reversed by 
induced by irradiation was reversed by G.A. (100) 
The that 
paired a possible endogenous gibberellin-synthe 


authors suggested irradiation im 
sizing system in the potato and that the effects 
of this damage was counterbalanced by exogenous 
G.A. Haber and Luippold irradiated wheat grains 
with a large enough dosage of gamma-rays to 
abolish all mitotic division and found that G.A. 


stimulated growth of this grain in the complete 


absence of cell division. They concluded that 
G.A 
plants by cell expansion alone (101) 


(102) 


stimulated growth of these irradiated 
Gibberellin 
seeds 


(103) 


treatment of cotton and Ladino 


white clover seeds did not reduce pre 


1940, made’ 
the first suggestion of a stimulating effect of 
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emergence or postemergence damping off. 
Actually, damping off was increased by the treat 
ment in the latter. In combination with G.A., 
urea-formaldehyde and Vapam (Vapam is so 
dium N-methyldithiocarbamate dihydrate) 45 
as drenches, and Orthocide 75 (75% captan) 
incorporated into a tale seed coating, gave signifi 
cant control of bean root rot (104). Seeds from 


flowers, induced by gibberellin 
sugi, Cryptomeria japonica, germinated as well 
as those from untreated plants (105). Work 


in our laboratory has indicated that seeds from 


treatment of 


stramomum plants treated the previous year 
with G.A. germinated more rapidly and a more 
uniform stand was obtained than from seed 
obtained from untreated plants (106) 

On the other hand, unfavorable responses have 
been reported on the germination of seed from 
G.A. treatment 


seeds not 


Germination of sugar beet 
affected (107-109). Mes 
disputed the work of others in that she found that 
gibberellin did not eliminate the chilling require 
The growth of 
plants from unchilled seeds was stunted by 
G.A 
improvement was noted in the germination of 
Pinus and (111). GA 
treatment of the pollen (112) or seed (113) of 
Douglas fir did not affect the total germination 
Likewise, unfavorable responses were observed 
in other (114-116). Corns 
that survival and vegetative 
wheat 
treatment (117). 


has been 


ment for peach seeds (110) 
although germination was increased. No 
alhtes 


strobus Picer 


plants 
winter 


reported 
vield of 
was adversely affected by gibberellin 
Howell, et al., studied the re- 
seed treatment with 


sponse of soybeans to 


simulated commercial 
ditions and found that stands and yields were 
reduced (118) 


tein 


gibberellin under con 
Maturity as well as oil and pro 
the 


affected consistently by the treatment 


content of seed, however, were not 

From a review of the literature, apparently 
the only work conducted on the effects of G.A 
on the germination of seeds of medicinal plants 
has been that at Oregon State University. Seeds 
from Atropa belladonna, Hyosyamus niger, H 
albus, and Datura stramonium were employed 
(119) 
general, the rate of germination as well as the 
total 


These experiments have shown that, in 


emergence was significantly increased 
Three groups of seeds were soaked for 18 to 24 
hours in solutions containing either 50, 100, or 
1000 of G.A. the 


growth of such seedlings indicated that consider 


p.p.m Observations from 


able alteration in their normal growth and 


alkaloid patterns were induced with the higher 
concentration of G.A. 
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In another experiment conducted in the spring 
of 1959, 800 obtained from 
harvested in 1958 


divided into two groups of 400 each (119). 


seeds 


Datura stramonium were 
The 
of G.A 
for 18 hours prior to planting; the second was 
not treated 


first group was treated with 50 p.p.m. 


On April 21, seeds were planted 
in flats containing soil and germinated under 
greenhouse conditions. Significant increases were 
noted in the rate of germination of the seeds 
treated with G.A. Three weeks after planting, 
the germination rate was increased about 100% 
by the treatment. Seedlings from treated seeds 
were taller, thinner, and paler in appearance than 
controls. Also, they demonstrated a higher in 
Con 
currently, a similar experiment was conducted 
In this 


case, the germination rate was increased about 


cidence of damping off and root rot 
with seeds of Hyoscyamus albus (119) 


fivefold 

Scott and Sciuchetti employed various treat 
ments, including G.A., on the seeds of Atropa 
belladonna and studied the effects of the treat 
ment on the germination and subsequent growth 
The 
seeds treated with G.A. were the first to germinate 
attained the 
throughout the 5-week observation period 


and alkaloid formation in the plant (120) 


and highest germination rate 
The 
per cent increases in germination over controls 
were about 250 and 40% at the third and fifth 
The 


were health, and sustained satisfactory growth 


weeks, respectively seedlings emerging 


thereafter. They were slightly taller than con 
trols and closely resembled the latter in habit 
Fresh and dry weight data, in general, indicated a 
favorable response in the treated group during a 
The total alkaloidal 


content was increased at the first and second 


t-week observation period 


harvest but was reduced slightly at the terminal 
harvest. The concentration of alkaloids in the 
plant parts fluctuated only slightly compared 
with controls throughout the observation period 
The authors concluded that the overall response 
of belladonna to a gibberellin seed treatment was 
favorable since the rate of germination and total 
germination was greatly increased, whereas 
changes in alkaloid content were slight 

A similar experiment was conducted on the 
A threefold 


increase in germination was noted in the treated 


seeds of Datura stramonium (121) 
seeds. Throughout the observation period the 
habit of these plants closely resembled the 
controls except that they were slightly shorter 
than plants grown from untreated seeds. It was 
noted from dry weight data that during the 
early stages of growth the treatment induced a 


987 


deleterious effect. However, no significant 
change was observed in weights at the final 
harvest. The concentration of alkaloids in the 
plant organs was not altered markedly. Due to 
the decreased growth the total alkaloidal content 
of the plant at the first two harvests was con- 
How- 
ever, no significant difference was observed at 
the final harvest. 


siderably reduced in the treated group 


The seed treatment was con- 
sidered beneficial since a greater and more uni- 
form emergence of seedlings was obtained while 
the total alkaloid content per plant was reduced 
only slightly at the final harvest. 

The beneficial response in germination by the 
seeds of many plants to gibberellin treatment has 
a number of practical applications. In the setup 
of experiments for or research in 
pharmacognosy and allied areas, the growth 
phases of an experiment is usually conducted 
during the spring term 


teaching 


This necessitates that 
the seeds be planted in flats in the greenhouse in 
winter. We have found that the germination 
rate of many seeds from medicinal plants is slow 
and erratic. A uniform stand is difficult to ob- 
Loss of seedlings from damping off is 
usually high. Gibberellin treatment of the seeds 
appears to be the solution to the problem since 
it apparently substitutes for some specific en- 


tain 


vironmental condition and breaks seed dormancy. 


Species differ in their response toG.A. Further, 
it should be ascertained whether any changes in 
plant composition result from the treatments. 
Thus, a fertile area of research is opened up. 
Horticulturists have taken 
advantage of this speed-up of the germination 
process where it has been demonstrated. Further, 
young seedlings 


and agronomists 


a more rapid emergence of 
should give them a better chance for survival. 
Finally, the eradication of could be 
facilitated if seed treatment with G.A. would 
result in a greater potential weed population 
being available at one time for application of the 
proper herbicide 


weeds 


VOLATILE OIL-CONTAINING PLANTS 


Until the past 3 years, most of the research on 
plants producing volatile oils has been concerned 
with growth responses of G.A. For example, 
Stodola (6) in his excellent publication lists four 
references for mustard (Brassica juncea), three 
for rape seed (Brassica napus), and two each for 
citron (Citrus medica) and orange. None of the 
abstracts listed indicate work for analyses of 
volatile oils or active components, but describe 
growth responses from the use of G.A. Scur- 
field and Moore (122) reported that various 
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species of Eucalyptus grew taller and produced 
Potal 
weight of treated plants was not significantly 
affected 


Foeniculum vulgare, 


weaker stems from a GA. treatment 
Shimada conducted a study on fennel, 
whether G.A 


would replace the long-day treatment to induce 


to determine 


flowering of this long-day plant (123 Gibberel 


lin treatments, instituted on the same dav in 


which the photoperiod was switched from long 


day to short day, stimulated elongation of inter 


nodes of the main shoot, not only in the plants 


induced near the threshold for successive elon 


ga 


tion by 12 long-day treatments, but also in the 


plants maintained photoperiodically under rosette 
conditions by short-day 


growth continuous 


treatments. G.A. sprayings did not cause dif 


ferentiation of the flower in either of the 
groups (125 
Although hops, //umulus lupulus, is now used 


primarily in the brewing industry 


two 


it is classified 
in this group of medicinal plants. Nash sprayed 
hops with the potassium salt of G.A. when the 


Stigmas of the female flowers were one-eighth 
inch or greater in length and observed an initial 
Maturity of the 


about 10 


yvaleness in the leaves (124) 


cones was advanced davs and at 


harvest time the developed cones were at a mort 


uniform stage of development than controls 


However, the cones developed from treated burrs 


were more subject to wind burn About a 40°, 


increase in yield was obtained. Interestingly, 


though, the alpha-resin content of the treated 


hops was 1.8% compared with 10.16, for the 


controls. Commercial hops are 


prized lor i 


high resin content Phis most important com 


ponent from a brewer's point of view was greatly 
Further work on 


decreased by the treatment 


volatile oils indicated there 
this 


treated and normal hops 


the estimation of 


was a difference in component between 


Several intensive studies have been conducted 


Gonzalez and Gierstad (125 


Ventha spicata 


foliar sprays of G.A. in a concentration of 50 


on the mints 


treated spearmint twice with 


p.p.m. and reported a 258% increase in linear 


growth rhe treated plants became so weak 


that it was necessary to support them in order to 
keep them upright. Considerable changes in 
the shape of the leaves were noted and a four 
diameter of the 


to sixfold increase in the stems 


of the treated plants was observed \ histo 


logical study of the stems indicated that the pith 
cells 


treated plants and that the 


were smaller and more numerous in the 


xvlem area was 


larger and the ribs were missing rhe dry weight 


of the treated plants was considerably higher 
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than controls Analyses disclosed that the treat 
with G.A 


content, the 


ment induced decreases in the water 
per cent of total chlorophyll, the 
concentration of volatile oil, but, no significant 
change in carvone content or refractive indexes 
of the oil were noted. Ogzewalla treated pepper 


mint, \/entha piperita, with weekly sprays of 
10 and 100 p.p.m. of G.A. and noted characteristic 
gibberellin effects in the treated plants (126) 
Fresh weight yield was significantly reduced but 
not dry weight vield. He concluded from ob 
servations of histological sections from stems of 
the treated plants that cell elongation primarily 
accounted for the change in internode length 
There was no significant increase in the number 
of cells in the longitudinal direction in the stems 
of cells in all tissues 
Potal 


oil production was reduced and slight changes 


while a decreased number 


were noted in the stem cross section 
were noted in the chemical and physical constants 
of the volatile oil. It was concluded that either 
the concentration of G.A. employed was too 
high or the frequency of treatment was too great 
to obtain optimum oil production 

Gjerstad also induced metabolic and morpho 
logical changes in peppermint by spraying the 
with a 50 


irregular intervals 


solution of G.A. (127 


plants at p.p.m 
Phe following statistically 


significant differences were noted in the treated 


plants: a 33.5% 


increase im cauline length, a 
increase 
2.4%, 


higher 


in chlorophyll concentration, a 


reduction in volatile ot) vield, and a 


concentration of glucose and = sucrose 


water 
total 


No sigmiicant differences were noted in 


ontent, percentage of dry and 
content No 
were observed in respect to carbohydrates, amino 


Krebs 


induced 


matter 


menthol qualitative differences 


acids or evcle acids The gibberellin 


treatment a spindly growth which re 


sulted in smaller leaves and a reduced number of 
glandular hairs. Histological 


foliar sections 


showed that stems had three times as broad a 
xvlem region and the cells’ walls of the ribs were 


thicker 
toxvlon Phe 


and stained less intensely with hema 


decrease in volatile 


attributed to 


significant 


oil content was fewer glandular 


hairs, smaller leaves, and an increased metabo 


lism. On the basis of this work, as well as on 


other medicinal 


that G.A. is of 


unpublished work on several 


plants, the author concluded 
doubtful value in drug plant cultivation (127 
Your reviewer takes exception to this viewpoint 
imasmuch as an insufficient amount of research 
has been conducted in this area to offer a definite 
conclusion. Many factors have to be determined 


whether a favorable response of growth and/or 
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volatile oil synthesis can be obtained. Some of 
the factors to be considered are: the proper 
stage of development of a plant both at the time 
of treatment and time of harvest when beneficial 
effects can be expected; the concentration ol 
vibberellin to apply which can only be determined 
by administration of quantitative amounts and 
not by a foliar spray treatment; the frequency of 
treatment; environmental conditions at the time 
fertilizers; and 


of treatment including use of 


veneric differences. It must be admitted, how 


ever, that the three investigations with mint 
125-127) did not prove successful in increasing 
volatile oil production under the conditions of 


the experiments 


GLYCOSIDE-PRODUCING PLANTS 


Most of the investigations on glycoside-produc 
ing plants have been performed on Digitalis 
purpurea and D. lanata. 


duced the 


1956, im 
purpurea) to 
flower the first year by daily applications for 
of G.A 
sufficient growth requires a cold-treatment before 


Blaney, in 
biennial foxglave (D 


30 davs ot 2 mcg (12S Foxglove after 


it flowers. G.A. in this case substituted for the 
cold requirement. This has also been reported 
for D. purpurea by others (3, 129, 130). Sayed 
and Beal (131) treated Digitalis purpurea twice 
weekly by spraving with 100 p.p.m. of G.A. for 
60 days. Harvesting was done at approximately 


weekly intervals rhe leaves of treated plants 


developed longer petioles and less surface area 
and almost 


than controls; became more linear 


lanceolate, the dry markedly de 


Histologically, no difference 


weight was 


creased was ob 
served but treated leaves had a higher palisade 
number. some of 


ratio and a lower vein-islet 


the treated plants developed stems. An increase 
in the per cent of glycosides and total sugars was 
observed in the treated plants, but there was no 
significant difference in digitoxose per cent 
rhis suggested that the mecrease in glycoside per 
cent may have been due to a higher aglycone 
per cent rather than digitoxose They also 
suggested that the seeming increase in number 
of palisade cells might explain the increase im 
per cent of carbohydrate since this would mean 
a larger number of photosynthetic cells per unit 
The total chlorophyll 


rhere 


area a and b) content 


increased was an initial increase in 
crude fiber content of the treated plants. At 
both 


demonstrated about the 


maturity, however, treated and controls 
same content 

Burton and Sciuchetti treated ). Janata with 
of G.A 


1958 (152) 


10 and 50 meg from mid-May to mid 


November 1n The plants were 3 
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week old seedlings when treatment was started 
and were grown in soil in pots under greenhouse 
Typical effects were 
noted in the treated plants such as narrower, 


conditions gibberellin 


longer, and slightly chlorotic leaves. Height 
measurements which were taken weekly indicated 
that significant increases were induced by the 
treatments At harvest time the plants treated 
with 10 meg. of G.A. were about 87% taller than 
controls and those treated with 50 meg 
taller. The form of plant growth 
was markedly altered and most of the treated 
plants had bolted rhe 
more pronounced with the stronger treatment. 
Fresh and dry weight data indicated that con 
siderable increases in fresh and dry weights were 
induced by G.A. Root weight, however, was 
considerably by the 


were 
about 63% 


“bolting effect’’ was 


reduced stronger treat- 
ment 

lhe same workers in a later investigation with 
D. lanata, but employing volunteer seedlings, 
grew the plants in 


plot (135) 


an outdoor shaded garden 
Weekly treatments with 10 and 50 
meg. of G.A. per plant were instituted on July 7 


and harvests made of the material at 4-week 


intervals during a 1-week observation period 
were similar to that in the 
previous experiment (132). The treated plants 
bolting at the twelfth Definite 
stems were observed at the final harvest while 
the controls G.A. had 


apparently replaced the cold treatment necessary 


Growth responses 


began week 


remained acaulescent 
to induce stem formation in digitalis plants. 
Heights of the treated plants were significantly 
with the peak 60% 
noted at the 


above 
Both 
treatments induced an increase in the dry weights 


increased (about 


controls) eighth week 
of the shoots with the maximal effect being at the 
eighth week. Only in the 50-mceg. series was the 
dry weights of the roots altered, in which case, 
a significant reduction in root growth was noted 
The total glycoside content per shoot of the 
treated plants demonstrated significant increases 
during the first 8 weeks. At the final harvest, 
however, the 50-meg. series had about half of 
the total glycoside content of controls whereas 
the 10-meg. series demonstrated about a 30% 


increase. In general, the treatments resulted 
in an increased level of total and reducing sugars 
[he concentration of starch was somewhat lower 
at the eighth and twelfth week, but, a slight 
increase was noted at the terminal harvest. It 
was noted that the higher dosage level appeared 
to be toxic after the eighth week, while the lower 
dose induced a beneficial response. The authors 


concluded that the effect on glycoside production 
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appeared to correlate more closely with the re 
sponses on growth than with the effect on carbo 
hydrate fractions 

Several workers (154-156) have reported re 
garding the growth effects of gibberellin on buck 
wheat (Fagopyrum esculentum Sayed and Beal 
studied the influence of G.A. on the growth of 
the plant and the biosynthesis of rutin (137 
Increases were reported in the linear growth, 
dry weight of stems and leaves, number of 
leaves per plant, total sugar per cent, crude 
fiber per cent at early stages, and total chloro 
phyll per cent. Decreases were noted in rutin 
and rhamnose per cents. Even though the glyco 
side (rutin) percentage was relatively lower in 
treated plants than controls, the relative in 
crease in the dry weight and number of leaves 
in treated plants resulted in a higher rutin con 
tent per treated plant. The authors suggested 
that increased cell division might account for the 
increase in stem weight, cellulose content, and 
plant maturity. Several possible effects of G.A 
on glycoside biosynthesis were postulated 


ALKALOID-PRODUCING PLANTS 


Among the medicinal plants the most intensive 
investigations have been done with those produc 
ing alkaloids. Thus far, the members of the 
Solanaceae have received the most attention 
Henbane (Hyoscyamus niger, biennial and annual 
strains) has received the attention of early 
investigators. Curry and Wassink (158) re 
ported that G.A. substituted for the long-day 
requirements necessary for the flowering of 
annual Hyoscyamus niger. Biennial Hyoscyamus 
requires a spectlic low temperature lor a critical 
period followed by exposure to long days before 
the plant flowers. Lang (47, 159-141) made the 
important discovery that G.A. substituted for 
the cold (vernalization) treatment needed by 
the plant to flower. Lang’s results have since 
been generally confirmed with other cold-requir 
ing long-day plants. Sachs and Lang (48) re 
ported that an increase in cell division was in 
duced in less than 24 hours in Hyoscyamus by 
G.A. (see previous discussion on cell division) 
The first work reporting the effect of G.A. on 
the alkaloid formation in Hyoscyamus niger was 
that by Masuda and Hamor (142) in 1959 
G.A. was applied in daily 5-meg. doses by injec 
tion. They reported considerable increase in 
total dry weight in the treated plants due to an 
increase in stem weight, but the weight of the 
leaves decreased slightly. The total alkaloidal 
content of the overground portion of the plant 
was somewhat less than that of the untreated 
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The concentration of alkaloids in the 
leaves was markedly reduced in the treated 


plants 


plants. Significant increases in height were 
noted 

Belladonna and jimson weed have been studied 
to a considerable extent regarding the effects 
of G.A. on the growth and alkaloid biogenesis of 
the plants. Smith and Sciuchetti, in 1957, 
applied G.A. in concentrations of 100 and 1,000 
p.p.m. as an aqueous spray three successive 
times at 10-day intervals to the leaves and tops 
of Atropa belladonna (143). Among the specilic 
effects reported for the treated plants were: 
increased stem elongation which resulted in a 
two-to-threefold increase in height; a spindly 
and vine-like type of growth, leaves which ap 
peared slightly chlorotic and were narrower and 
thinner; more rapid onset of flowering; signifi 
cant increases in stem dry weights, but significant 
decreases in leaves, tops, and root dry weights 
There were no significant changes in total dry 
weights 

Of more importance from a commercial aspect 
was the profound effect that G.A. had on alkaloid 
formation and accumulation in the plant. It 
was found that the concentration of alkaloids 
in the various morphological parts of the treated 
plants ranged from 43 to 84% that of the con 
trols. Of the organs, the stems showed the great 
est decreases at each concentration of G.A. It 
was also found that the total alkaloid content of 
belladonna treated with G.A. was about one-half 
that of the untreated plants 

In a continuation of this study, treated and un 
treated belladonna were allowed to overwinter 
and it was reported that the second-year crop 
of the previously treated plants did not demon 
strate the ‘“‘gibberellin effects’ noted in the 
first-vear growth following treatment (144) 
In some instances reverse effects were noted 
The plants previously treated with 100 p.p.m 
of G.A. generally closely resembled the controls 
in their growth and alkaloid patterns. However, 
plants which received the higher concentrations 
of G.A. the previous year were markedly affected 
rhis treatment induced about a 50% decrease in 
total dry weight and approximately a 15% de 
crease in height. The concentration of alkaloids 
in the leaves and roots was not significantly 
altered, whereas, that in the stems was increased 
about 44% The total alkaloid content of this 
group was about 56% that of the controls. It 
was concluded that the higher concentration of 
G.A. (1,000 p.p.m.) had a toxic effect on the 
plant 


In a later investigation, Brummett and 
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Sciuchetti treated belladonna with a single 
100-meg. dose of G.A. and observed the growth 
and alkaloid patterns over a 6-week period (145). 
Characteristic gibberellin effects were induced 
Interesting differences in fresh and dry weights 
were induced in belladonna at different stages of 
maturity. Younger seedlings indicated signifi- 
cantly decreased growth, whereas, older plants 
demonstrated Height 
measurements indicated that the latter reacted 


significant increases. 
more rapidly and for a longer period of time 
than plants. Also, height 
were not as great as that induced by a spray 
(143) concentration of 
alkaloids was noted in the treated plants of 
(145). The 
greater in the younger plants 


younger increases 


treatment Reduced 


both age groups decreases were 
When compared 
with controls at the sixth week following treat 
ment the younger plants produced about 40% 
less total alkaloids while the older plants dis- 
played about a 32% increase in the total alkaloid 
The increased alkaloid 


production in the older plants was due primarily 


content significantly 
to the favorable effect of G.A. in promoting more 
was concluded that the 
age of the plant when treated appeared to be an 
important 


extensive growth. It 


factor in causing increased growth 
which in turn resulted in increased alkaloid pro- 
duction per plant 

A favorable and total 
alkaloid production was noted in Daiura stramo 


influence on growth 
nium from a two-spray treatment at biweekly 
intervals of 100 p.p.m. of G.A. (143). The total 
dry weight was increased about 60% over controls 
the stems indicated almost a twofold in 
The 
stramonium receiving 1,000 p.p.m 


and 
great in 
of G.A A 


single application with each concentration was 


crease increases were not as 


less effective in promoting increased dry weights. 
In all cases root growth was less than in controls 
rhe concentration of alkaloids in the leaves and 
tops and in the stems was significantly reduced 
by all of the treatments while an increase was 
found in the roots. Stramonium receiving a 
two-spray treatment of 100 p.p.m. of G.A. dem- 
onstrated the most favorable response, a 46% 
increase in total alkaloid production which was 
due primarily to increased growth. Brummett 
(145), in-research which was awarded the 1959 
Newcomb Award, found that a single 100-mceg. 
dose of G.A. induced responses in stramonium 
The 


height increases were not as great as with the 


similar to that from a spray treatment 


latter treatment, but the growth rate as indicated 
from dry weight data obtained from weekly 
the roots 


harvests was more rapid. Further, 
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demonstrated a beneficial effect (up to an 80% 
increase in root dry weight at the second harvest) 
contrasted with decreased growth from the spray 
treatments. Two factors may have contributed 
to increased root growth, the plants in this 
case were grown directly in the soil instead of 
pots, thus, “root-bounding”’ was not a possibility ; 
and the plants received fertilizer. Significant 
decreases in the concentration of the alkaloids 
in the leaves (and tops) and in the stems were 
generally found at the first, second, and third 
weeks following treatment. The roots indicated 
slight changes. Slight decreases in the total 
alkaloid content per plant were induced in 
stramonium by the treatments. The roots of 
treated plants, however, demonstrated an in- 
crease of 54% at the third (final) harvest. This 
was due mainly to a significant increase in root 
growth 

In a later investigation, Brummett (146) 
studied the effects of G.A. on the growth, alkaloid 
concentration, and nitrogen fraction patterns in 
Datura stramonium. Two doses of G.A. were 
employed; viz., 100 meg. initially, and 25 meg. 
at weekly intervals for 4 weeks. The plants in 
this study were at a later stage of development 
than in his previous work (145). Five consecu- 
tive harvests were gathered at weekly intervals. 
Gibberellin responses on growth were noted but 
the degree of response was less than when younger 
Maximal increases in 
leaves and stem weights at both dosage levels 
observed at the the first week, 
whereas the roots required two weeks to attain 


plants were employed 


were end of 


a maximal response. The plants weighed slightly 
less than controls at the final harvest 
the roots of the 25-mcg 


However, 
demonstrated 
The weekly dosage 
schedule elicited a more gradual response to the 


series 
increased weight throughout 


gibberellin effect than did an initial large dose. 
The alkaloid concentration in the treated 
plant parts was reduced considerably at each 
harvest with both The total 
alkaloids per plant and plant part were increased 
considerably at the second harvest. This was 
due primarily to the increased weight of the plant. 


dosage levels. 


The reductions in total alkaloid content at the 


final harvest amounted to about 10 per cent. 


Total plant nitrogen was decreased slightly, 
but this decrease was not considered significant 
until the last harvest. Significant decreases of 
approximately 50% in total plant nitrate nitrogen 
was observed, however. This decrease was most 
pronounced in the leaves. It was suggested 
that in the treated plants the nitrate nitrogen 


was not stored but was converted into ammonia 
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to be utilized by the plant in altered pathways 
of nitrogen metabolism The changes in the 
total protein nitrogen of the leaves of the 100-meg 
group corresponded to changes in the total 
alkaloid content. The roots of this group 
displayed an inverse relationship during the 
first 2 weeks and a direct relationship for the last 
two harvests. No significant trend was noted 
in the stems Che aforementioned relationships 
were less conspicuous in plants receiving weeklh 
dosages of G.A 

Fish conducted an intensive study in England 
G.A. on growth and alkaloidal 


content of stramonmmum (147 rhe plants were 


on the effects o 


grown under field conditions during the treat 
ments and observation period. Five weekh 
treatments at three dosage levels, viz., 20, 100 
and 200 meg., were emploved using the injection 
technique. Plant material was harvested at 
1, 2, and 5 weeks following the last treatment 
A second experiment, conducted a vear later, ex 


levels overt u 


tended the 20- and 200-meg. dosage 
longer growth period This investigation differs 
from the previously reported ones (144-146 
which were done under greenhouse conditions 
and plants were treated over a short growth 
period 

The following responses to the gibberellin 
treatment were reported (147 imerease in height 
of treated plants was due to increased internode 
length, especially on the treated side of the 
plant; rapid growth in stem diameter caused 
axial splitting of the outer tissues resulting in the 
appearance of scar tissue; mmcreases in dry weights 
of aerial parts, observed only in plants treated 
over a limited period, were due to greater stem 
development and did not vary with the dose of 
G.A. given; in plants treated at intervals over a 
long growing period, there was increased stem 
production but no gain in total dry weight 
vields of leaves and tops in treated plants were 
not significantly different from those in control 
groups significantly increased root weights 
were noted for a few groups of treated plarits 
the concentration of alkaloids was significantly 
reduced in the leaves and tops of the treated 
plants, the content being the lowest in the plants 
receiving the highest dose of G.A 

Ragan and Sciuchetti studied the effect of 
G.A. on the second generation of Datura stra 
montium (14S Seeds were collected in 1957 
from stramonium plants which had _ received 
treatment of 1,000 p.p.m. of G.A. (A series) and 
100 p.p.m. of G.A. (B series), and from untreated 
plants (controls Plants were grown in pots 


containing sou in 1958 from these seeds under 
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greenhouse condititions and were 57 days old 
when harvested rhe “gibberellin effect’ on 


growth was generally not observed. In some 


cases reverse effects were noted such as shorter 
plants than controls and decreased dry weights 
of the plant organs. The total dry weight of the 
\ series was about 74°) of the controls and that 
of the B series about 69% rhe concentration 
of alkaloids in the various morphological parts of 
treated and untreated plants was about the same 
rhe total alkaloid content (based on dry weights 
per plant and plant organ) was significantly less 
in series A and B The decrease was due pri 
marily to reduced growth. It was concluded that 
the ‘gibberellin effect’’ did not manifest itself in 
the second generation plants 

lable | summarizes the response of stramomum 
from a two-spray treatment with G.A. (143) and 
that of plants grown from seed obtained from that 
experiment (148 It should be pointed out 
that the favorable effect in the first generation 
from treatments was due to the more extensive 
shoot growth in spite of reduced concentrations 
in the shoots. On the other hand, the lower 
total alkaloidal content of the second generation 
plants was due to reduced growth and not to 
an effect on the concentration of alkaloids in the 
plant organs. Table II, hkewise, summarizes 
the influence of G.A. on the growth and alkaloid 
production in the first-year (143) and second 
vear growth (144) of belladonna. In both cases 
the alkaloidal content was about half of the 


Pasie | INFLUENCE OF GIBBERELLIC ACID ON THI 
FIRST AND SECOND GENERATION OF Datu 


second 
First Vear Generation 
Effect 143 148 
Height 0) 
Growth Paller, more Shorter 
mature 
Leave Longer, thinner, Thinner an 
ind chlorotic smaller 
Drv weights 
Potal 126 74 
Leaves-tops 114 x 
Stems 165 
Roots 
Alkaloid con 70 in shoots, \bout the same 
centration 140 in roots in all plant 
parts 
Total alka 
loid content 
Per plant 108 83 
Leaves tops ay 76 
Stems 132 
Roots 


Per cent stated is that of control group, first generation 
plants received a two-spray treatment with 1,000 ppm. of 
GA 


: 
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TABLE I1.—-COMPARISON OF EFFECTS OF 
GIBBERELLIC ACID ON THE FIRST AND 
SECOND-YEAR GROWTH OF BELLADONNA 

First-Year Second. year, 

Effect 143) 144) 
Height 
Growth 


300 increase 
Spindly and 
vinelike 
Chlerotic and 
narrower 


20) decrease 
Spindly 
Leaves Narrower and 
thinner 
Dry weights 
Total 
Leaves 
Stems 
ts 
Alkaloid concen 


tration 


tops 


Leaves About the same 
Stems : 144 


Roots \bout the same 
Total alkaloid 


con'ent 
Per plant 
Leaves tops 
Stems 113 
Roots 


Per cent stated is that of control group, first-year plants 
received 3 spray treatment with 1,000 ppm of G.A 
» Average of two harvests 


controls. However, the reduced alkaloidal con 
tent in the first year was due primarily to signifi 
cantly lower concentrations in the plant parts 
whereas that in the second-year growth was due 
mainly to reduced growth 

Stem tissue from Datura stramonium was cul 
tured in a media to which has been added 10 
p.p.m. of G.A. and inhibition of growth resulted 
(149). Very likely will 
employ the tissue culture techniques using G.A 
rhe 


research should be of considerable value 


other investigators 


on alkaloid-producing plants resulting 
Ambrose treated Datura metelotdes? with four 
(150). Charac 


teristic gibberellin effects were induced including 


weekly doses of 25 meg. of G.A 


increased height which amounted to 147 and 


141°) that 


week, respectively 


of controls at the third and fourth 
rhe stems of treated plants 
appeared chlorotic while this was not so pro 
nounced in the leaves. Analysis for chlorophyll 
a and b indicated a decrease in the leaves, tops 
confirms 
(143-147 
The 


increases in dry 


and stems, at all harvest periods 


the observations of other workers 


who reported an apparent chlorotic effect 


growth was stimulated since 


weights were generally noted throughout the 


the final (fourth-week) 
harvest the total dry weight of treated plants 


observation period. At 


was about 115°) of controls and stem dry weight 
was about 140%, of controls. The concentration 
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of alkaloids in the plant parts was reduced con- 
siderably. In spite of a favorable effect on 
growth, the decreased concentration of alkaloids 
in the organs resulted in about a 10% reduction 
in total alkaloidal content per plant at the final 
harvest 

In an “Undergraduate Research Participation 
Pharmacognosy” 
National 
during the summer session of 


Program in sponsored by a 


grant® from the Science Foundation 
1959 at Oregon 
State University, six participants conducted an 
extensive research project with Datura stramo 
nium 
fold 
G.A 


growth response; second, to determine whether 


The objectives of the research were two 


first, to determine a concentration of 


which would produce the most favorable 


frequency of application would elicit a different 
and or more favorable response. The investiga 
1X 5 
factorial experiment in randomized blocks with 


tion emploved 320 plants and was a 2 X 


eight replications. The first factor was the num 
ber of installments. In one case, the same dosage 
was applied once weekly; in the other, it was in 


two installments—half a dose given twice weekly. 


The second factor had four levels, mainly, 0, 


12, 48, and 192 meg. dosages of G.A. The third 
factor was the age of the plants at the time of 
2, 


The following salient points 


harvesting and had five levels, namely, 0), 
3, and 4 weeks 
were noted from a statistical analysis of data 
collected during the experiment: the greatest 
increase in height was noted in plants receiving 
(192 meg.). All 
treated plants grew more rapidly than controls 


the largest dosage of G.A 
Height increases were significantly different at 
(132) rhe 
response regarding height increase was somewhere 


each dosage level most favorable 


between the 12-mcg. and 48-meg. levels. Under 
the conditions of the experiment the frequency 
of application (whether one or two installments 
affect the 
weights of the 


significantly 
total drv 
significantly 


were used) did not 


height variable Phe 


treated were affected by 
The 
had no significant effect Phe growth rate varies 
G.A Control 


plants grew at a slower rate than treated plants; 


plants 


dosage and age number of installments 


with the dose of emploved 
this correlated with the trends shown by height 
data. It was the author’s belief that if the num 


ber of installments had been extended over a 
longer period of time, e.g., 2 weeks instead of 1, 
the frequency of application may have been 
significant rhis work will be published follow- 
ing a complete analysis for alkaloid and carbo- 


hydrate fractions 
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Considerable interest has been evoked regard- 
ing the influence of G.A Yabuta, 
et al. (151), in 1941 reported that gibberellin 
treated tobacco seedlings demonstrated an im 


on tobacco 


mense increase in height and that the number of 
leaves was increased up to three times that of 
untreated 


In a later publication (152) a de 


creased nicotine content in treated tobacco 
seedlings as well as a decrease in the average 
Gray found that 
G.A 


leaves that were more elongated and pointed at 


weight per plant was reported 


tobacco plants spraved with produced 
the apex than those from untreated plants (S89 

Burk and 
with G.A. by 
oi G.A 
plants were about one-third taller than controls 
(153 


narrower, curled at the 


Iso treated six species of Nicotiana 


six weekly injections of 15 meg 


and found that at ten weeks the treated 


The leaves on treated plants were longer, 
margins, and subject to 
sunscalding at the tips. In another set of ex 
periments employing various concentrations of 
G.A 


found 


and several methods of they 


that 
considerably 


treatment 
treated tobacco plants contained 
less alkaloids than controls. Fur 
ther, they 


effect 


intensity of the 
G \ ap 


de creas d 


reported that the 
with the amount of 
alkaloid 
However, no change in the composition of the 
alkaloids that 


treatment of and 


increased 


plied, and the content 
found 
field 


vield 


was observed Parups 


tobacco with G.A. in 

greenhouse experiments had little effect 
of leaves but decreased the nicotine content of 
both leaves and roots (154 
that the 


tobacco leaves resulted from a change in the me 


It was postulated 


decrease of nicotine content in the 


tabolism of roots caused by the G.A. application 


Carew, in work conducted at the State Uni 


versity of Iowa with Nicotiana rustica, var 
Brasilia, found that spraying ten-week-old plants 
with 25 and 100 p.p.m. of G.A. at 10-day inter 
vals for 30 days and harvesting the plants two 
weeks after the final treatment resulted in a sub 
Also a 


10% increase in the total chlorophyll of leaves 


stantial increase in stem weight (155 


of treated plants was found rhe concentration 
of nicotine in the leaves of treated plants was 
considerably less than controls 

A review of the literature on other species of 
plants producing alkaloids has indicated that 
very little has been done regarding the effect of 


G.A 
ample, gibberellin treatment of larkspur (Del 


in changing plant composition. For ex 


phinium ajacis) hastened flowering from 10 


days to 2 weeks (130); opium poppy (Papaver 
somniferum) was studied for the effect of G.A. 


on flowering (156); the growth rate of Coffea 
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arabica was increased three to fourfold when 
G.A. in concentrations of 50 to 100 p.p.m. was 
applied to the foliage of young seedlings (157); 
and, weekly applications of similar concentra 
tions of G.A. to coffee leaves caused significant 
Coffee trees about 10 
years old were sprayed with G.A. in concentra 
tions varying from | to 100 p.p.m. (158). Within 


10 davs 60 to 70% of the buds opened when 


increases in growth (90) 


above 20 
100 to TO0% 


sprayed with concentrations p.p.m 


and fruit set increased 


arabica 


Coffea 
with G.A 
demonstrated better growth than those given 


(159) 


seedlings treated monthly 


bimonthly applications Differences in 
the number of leaves on the treated plants were 
Plant height dif 


significant at the 1% 


net statistically significant 
level 
Yabuta, et al., reported that tea (Thea sinensis) 


ferences were 


treated with gibberellin longer tea 


buds than untreated plants and that the total 
vield of tea (160) 


produced 


leaves was not changed 
Analyses for tannin, caffeine, ascorbic acid, total 
N, crude matter indicated 


slight differences from those of the control 


fiber, and soluble 

Considerable value would accrue from exten 
sive investigations on a variety of plants which 
G.A. by the 
pharmacognosist and allied workers could divulge 
important fundamental 
the biogenesis of alkaloids 


produce alkaloids) The use of 


information regarding 
Also some of the 
findings may disclose practical applications in 
drug plant propagation 


METABOLIC EFFECTS IN OTHER PLANTS 


The effect of G.A. on plant composition and 
plant metabolism have been adequately covered 
through 1958 in other reviews (1-3). Some of 
the developments since that time and pertinent 
information will be presented here 

In many cases plants treated with G.A. in 
crease their height, leaf area, and dry weight 
The increased dry weight may be due to an 
increase in activity or 


photosynthetic more 


efficient utilization of photosynthetic products 


No clear-cut linkage with any metabolic pathway 


has vet been established, but analyses so far 
have always shown the greatest changes among 
Conflicting 


reports appear in the literature regarding the 


carbohydrate constituents (2) 
effect of G.A. on photosynthesis, respiration, and 
transpiration. Coulombe has indicated a rapid 
increase in respiration, photosynthesis, and trans- 
piration of tomato foliage following a spay-treat 
ment (161). A 
about 6 hours after spraying but was followed 
by a rapid decline 


maximum rate was reached 


Except for transpiration, 
which returned to its initial rate, the respiration 


> 
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and photosynthesis of the treated plants remained 
higher than controls. Alvim reported that net 
assimilation rate and relative growth rate of 
beans were both increased by G.A., and implied 
that the amount of dry matter produced by 
photosynthesis per unit of leaf area was signifi- 
cantly higher in plants receiving G.A. (162). 
Increased respiration of seeds by G.A. has been 
reported (163, 164). Hayashi in his study on the 
effects of G.A. treatment on whole plants and 
attached leaves reported that photosynthetic 
activity of tomato and rice plants was increased 
but no difference was noted on the photosynthetic 
The 
total and reducing sugar content of the shoots of 


activity of attached tomato leaves (165) 


rice plants was increased while the total sugars of 
the roots were decreased 

On the other hand, reduced photosynthetic 
activity or no apparent effect on photosynthesis 
from G.A. reported. Haber and 
Tolbert working on detached leaves noted that 


have been 
G.A. neither enhanced the rate of carbon dioxide 
fixation per unit of leaf tissue nor altered the 
general pathways of short time metabolism of the 
newly fixed C™O, in the sugars, organic acids, 
and amino acid products (166). Haber, et a/., in 
a later experiment reported that in light-grown 
seedlings which are prevented (by darkness) 
from performing photosynthesis, G.A. increased 
their dry weights over water-control seedlings 
(167). They claimed that the effect of G.A. in 
their experiment could not be attributed to 
either direct or indirect actions on photosynthetic 
fixation. It was also noted that the increases in 
total carbon, soluble carbohydrate, total nitro 
gen, and protein in G.A.-treated shoots were 
approximately proportional to the dry weight 
Fang, et al., employing C-labeled 
compounds found that G.A. increased slightly 
CO, production from administered IAA-1-C' 
(168). The formation of 
indoleacetylaspartate was greatly inhibited and 
consequently the free IAA level in G.A.-treated 


increase. 


in corn root tissues 


tissues was increased by 15° over the control 
tissues. The catabolic pathways of glucose and 
acetate were not found to be affected to any ex 
How 


ever, the treatment slightly increased the cata 


tent by the short-term G.A. treatment 
bolic oxidation of C-1 and C-2 carbons of acetate 


(168). In spite of conflicting reports about the 


effects of G.A. on photosynthesis and respiration, 


considerable knowledge has been gained thus far 
Future research should clarify this aspect and 
provide us with a better understanding of the 
role that G.A. plays in these important plant 
processes. 
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Several reports have been made concerning the 
effects of G.A. on enzymatic activity of plants. 
Kato and Katsumi (169) and Brian and Hemming 
(170) have reported that gibberellin treatment of 
either pea seedlings or pea internode sections did 
not affect the IAA oxidase activity in plant tissue. 
On the other hand, Pilet has shown that the IAA 
oxidase activity of carrot tissues (171) is reduced 
by G.A. in 7. ocholeucum (172). 
Watanabe and Stutz found that G.A. treatment 
of the terminal buds of lupine plants over a period 
of 1 month resulted in a decrease in IAA oxidase 
activity in bud and stem tissues (173). Their 
results are in agreement with the three-factor 


as well as 


system in which G.A. has an auxin-sparing action 
by regulating the concentration of a natural 
growth inhibitor. 

G.A. appears to stimulate enzymatic activity 
in other cases. The work performed on barley 
seeds is of interest. Several have reported that 
gibberellin treatment hastened the germination 
of barley (174-177). Paleg has reported that 
G.A. increased the activity of beta-amylase and 
the beginning of alpha-amylase activity as well 
as increasing the liberation of reducing sugars 
(178, 179). In addition to activating growth in 
barley during the early stages of malt processing, 
gibberellin caused an increase in the color of malt 
and the various enzyme systems of barley (180) 
G.A. induced a large increase in the glutamico 
oxalacetic-transaminase and glutamic-pyruvate 
transaminase content of 
IS1) 


germinating barley 


seeds The activity of various phenol oxi- 
dases was increased following gibberellin treat 
182). Application of G.A. 
to young beans increased the phosphatase activity 


ment of tomato seeds 


in the leaves and stems and for beta-amylase in 
the roots; decreased the activity for beta-amylase 
in the leaves and stems and for pectin methyl- 
esterase in the roots (183) 

Roots of bean seedlings immersed in a solution 
of H3P*O, and treated with G.A. absorbed more 
phosphorus than untreated plants (i84). On 
the other hand, young corn seedlings fed radio 
active phosphorus as Ca(H»P**O,). and treated 
with gibberellin demonstrated decreased phos 
phate uptake in the shoots while the sugar in the 
leaves was increased 2.8-fold (185). Seeds from 
the gibberellin treated plants demonstrated a 
higher sugar content and increased weight 

Recent reports on plant composition include 
the following: Ergle found variable effects in 
young cotton plants on the concentration of 
sugars, starch, hemicellulose, and various nitrogen 
fractions depending upon the concentration of 


G.A. employed and the plant part analyzed (186). 
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Dure and Jensen have also reported on the re 


of cotton embryos to G.A. treatment 


Protein content of alfalfa (1S8), 


sponse 
(187) and ol 
sorghum (189) were increased by G.A. Finn and 
Nielson that 


protein content of all grasses and legumes treated 


found gibberellin decreased the 
but, due to increased vields, total nitrogen in the 
increased (100 Morgan and 


found that the 


dry matter was 
Mees, likewise 


of grass was slightly reduced 


mtrogen content 
141) Mes found 
that increased dry weight and total nitrogen con 
tent resulted from spraying three-week-old Victa 
villosa with G.A. (192). Wittwer and 
found that G.A. accelerated the growth of Ken 
tucky 
percentage of dry matter or mineral composition 


Bukovac 


bluegrass; did not significantly alter the 
and significantly reduced the total sugars (103 
Although diverse responses have been induced in 
total plant nitrogen, the general trend appears to 
be a decrease in total nitrogen from G.A 

In most cases the influence of gibberellic acid 
appears to be greater on carbohydrate metabolism 
127, 131, 133, 137) 


sugar cane indicates 


Recent work with 
a reduced sucrose content 
per plant from G.A. treatment but an increase in 
without 


tons per acre (due to increased growth 


changing the vield per acre (107 On the other 
hand, the growth rate of mother shoots of sugar 
cane was increased by G.A. as well as the sucrose 
a decrease in nitrogen content 
found that G.A 


the growing points of field-grown sugar beets re 


content but 
noted (194 


was 
Stout applied to 
duced the sugar percentage and respiration rate 
Also foliar sprays of G.A 
to the leaves had no apparent effect on the dry 


of root tissue (105 


weight, total nitrogen, or respiration rate of disks 
cut from treated leaves within one week of treat 
Wittwer and Buko 
that the 


cane have not 


ment (195 rhe review by 
vae (3) lists six references to indicate 
vields of sugar beets and Sugar 
been significantly increased without correspond 
ing reducation in per cent sucrose 

A chlorotic effect of the leaves is usually noted 
in many plants following treatment with G.A 
rhis might indicate that G.A. influences chloro 
phyll synthesis or that the apparent paleness of 
leaves is due to dilution. Wolf and Haber found 
that wheat seedlings grown 1a a G.A. solution 
contained about the same content of total chloro 
phyll as controls 6 days after treatment, but 
about 20° less at 12 davs (106 Che carotenoid 
reductions were about the same as that for chloro 


phyll 


b remained 


he ratio of chlorophyll a to chlorophyll 


about the same in treated and 


untreated seedlings Phirty-dav-old seedlings 


grown about 3 weeks in soil demonstrated about 
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a 70% increase in height, a 23% reduction in 
fresh weight, and a 36% decrease in total chloro 
phyll that in young 


plants G.A. exerted a pronounced effect on growth 


The authors concluded 
without affecting the total content, anabolism. 
or catabolism of chlorophyll, and that the pale 
appearance of the six-day-old treated plants was 
Sestak and 


Ullman report that eight-dav-old etiolated seed 


due solely to pigment dilution (196 


lings of wheat and corn grown in a nutrient solu 
tion with G.A. produced a lower content of chloro 
phyll a and b and carotenoids after 24 hours of 
illumination (197 Among the medicinal plants, 
the per cent of chlorophyll in treated plants has 
(125 


greater in 


be less in 


150) 


been shown to 


Datura 


and 


pepper 
131), buckwheat (137), and 


spearmint 
meteloides and 
mint (127), forxglove ( 
tobacco (155 In both plants demonstrating a 
decrease in chlorophyll pes-cent, considerable in 
creases in drv weights were noted rhe latter 
trend was generally reported also for medicinal 
plants, demonstrating an increase in the per cent 
of chlorophyll 


that the apparent paleness of leaves 


It would appear to the reviewer 
from gibbe 
rellin treated plants is most likely due to dilution 
rather than a direct effect on chlorophyll syn 


thesis 


SUMMARY AND CONCLUSIONS 


Favorable growth responses have been induced 
in some medicinal plants by G.A. In most cases 
increased dry weights have been reported. How 
ever, a reduction in the per cent of active con 
stituents in plants producing volatile oils and 
On the other hand 


carbohydrate 


alkaloids is the usual trend 
increases in the have 
usually resulted in an increase of the per cent of 
Ifa 
favorable response on growth could be induced 


content 
glycosides and the total glycoside content 


in alkaloid-producing plants without a corre 


sponding reduction in the concentration of alka 


loids, G.A. would have practical applications in 
It is 


re 


increasing the vield from medicinal plants 

the reviewer's opinion that the discouraging 
sults obtained thus far in the few investigations 
conducted with the mints should not be taken as 
conclusive evidence that favorable responses can- 
not be induced under the right conditions. As 
previously mentioned, a number of factors such 
as environmental conditions, nutrient require 
ments, the age of the plant when G.A. is applied, 
dosage and or frequency of application, method 
of application, and generic differences must be 
studied in more detail before final conclusions 
can be made whether G.A. has practical applica 


tions in pharmacognosy. Limited experiments 
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on the germination of seeds of medicinal plants 
have been most encouraging The germination 
rate and total germination as well as a more uni 
form emergence of seedlings has been induced by 
G.A 
results especially when seeds are difficult to ob 


Phis area of research could lead to fruitful 


tain and/or seed germination offers an obstacle 
to the satisfactory propagation of the species 
Of more importance are the contributions ofa 


basic nature which might accrue. Fundamental 


information on the natural plant processes such 
as germination, growth, and flowering have been 
divulged during the past few years from the inten 


sive studies conducted with G,A. It is hoped, 


likewise, that a better understanding about the 
biogenesis of the active components of medicinal 
plants might result from research in this fascinat 


ing area. Possibly we may have an answer as to 


why and how belladonna produces atropine, or 


digitalis its array of glycosides 
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Determination of Lipase Activity in Pharmaceutical 
Preparations Intended for Oral Administration 


By EDGAR A. LAZO-WASEM 


A practical, reliable procedure for the standardization of lipase activity in phar- 
maceutical preparations is described. By this method, which reproduces as closely 
as possible the conditions under which fat is digested in the body, one can test the 
effectiveness of the enteric coating to protect against gastric destruction of lipase. 


Ms" PROCEDURES for the standardization of 


lipase activity in pharmaceutical prepara 
tions are based on methods such as that of Will 
et al. (1 
measured 


statter, in which titratable acidity is 


following a standardized digestion 


period of an edible oil. The main disadvantage 
of the classical Willstatter procedure is the fact 
that measurement of fatty acids released during 
digestion is made by titrating the oil-in-water 


emulsion with an aqueous alkaline hydroxide 


solution. Titrations of oil-in-water emulsions 
are difficult to reproduce and carry with them 
errors introduced by the subjective evaluation of 
the end point 

More reproducible determinations of liberated 
acidity can be obtained by extracting the fatty 
acids from the digestion mixture with a solvent 
and then titrating with an alcoholic solution of 
sodium hydroxide. Titrations of benzene-ex 
tracted fatty acids carried out with alcoholic so 
dium hydroxide yield sharp, reproducible, easily 
detectable end points when using alcoholic in 
dicator solutions 

The purpose of this report is to describe a 
method which has been found entirely reliable 
and reproducible over a period of several years 
In our method, which follows the suggestions of 
Sammons, Frazer, and Thompson (2), conditions 
in vitro were made to resemble as closely as possi- 
ble those which occur im vivo during normal fat 
digestion. The substrate selected is one of the 
common dietary long-chain triglycerides, olive 
oil, rather than a preformed emulsion or short 
The 


intestinal motility were reproduced by agitation, 


chain glyceride mixing properties of 


bile constituents were added at a concentration 
normally found in the duodenum, and incuba- 
tions were carried out at the temperature of the 
human body, 37°. 
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EXPERIMENTAL 


Special Apparatus.—A constant temperature bath 
equipped with a mechanical shaking device (Lab- 
line model 3580) is used. The shaking rate of the 
bath is regulated to approximate 200 vibrations per 
minute 

Reagents.—Sodium hydroxide, 0.05 N, in methyl 
aleohol. Olive oil U. S. P. (Pompeian Olive Oil 
Corp., Baltimore, Md.). Phenolphthalein indicator 
in alcoholic solution Benzene (reagent grade, 
thiophene free). pH 7.8 Phosphate buffer: dissolve 
0.54 Gm. of anhydrous monobasic potassium phos- 
phate in sufficient water to make 50 ml.; dissolve 
1.73 Gm. of anhydrous dibasic sodium phosphate 
in sufficient water to make 500 ml.; mix 10 ml. of 
the first solution with 90 ml. of the second solution 
and adjust the pH, if necessary, by adding more of 
either solution. Bile salt solution: dissolve 0.500 
Gm. of extract of ox bile N. F. powder in sufficient 
pH 7.8 phosphate buffer to make 100 ml. of solu- 
tion 

Preparation of Test Solutions.—The samples to 
be tested are diluted with cold distilled water and 
homogenized in an electric blender (Waring Blendor 
model 702A) for about one minute. Final test solu- 
tions are made to contain 1 unit/ml. These solu- 
tions are stable for at least two hours when stored 
in a refrigerator 

Procedure.—Samples measuring 0.4, 0.6, and 0.9 
ml. of the solution to be tested are pipetted into 
flasks of approximately 100-ml. capacity and the 
volume in each flask adjusted to 1 ml. with dis- 
tilled water. A reagent blank is also set up using 1 
mil. of distilled water. Bile salt solution, 5 ml., is 
then added to each flask and, in turn, 1 ml. of olive 
oil is delivered by means of a 1-ml. syringe. The 
mixture is then incubated, with shaking, at 37° for 
thirty minutes 

At the end of the incubation period, 5 drops of 
concentrated hydrochloric acid are added to each 
flask to stop the enzymatic action, followed by 20 ml. 
of benzene. The flasks are then shaken by hand for 
one minute and allowed to stand until the two 
phases separate. A 10-ml. aliquot of the upper 
benzene layer is pipetted into a 50-ml. flask. A 
l-ml. quantity of methyl alcohol and 3 drops of 
alcoholic phenolphthalein indicator are added and 
the contents of the flask titrated with 0.05 N sodium 
hydroxide in methyl alcohol. The titration volume 
in milliliters is recorded for each level of unknown 
test solution and for the blank. 
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tivity will liberate an 
lent to | ml. of 0.05 N 
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the conditions of the assay 

Calculation of Lipase Activity. activity 
unknown titration — blank titra 
Gm. of sample per digestion flask 


Lipase 
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thon 

The three values obtained should agree within 5°, 
of the to mdicate 
not within such limits the test dilutions are changed 
ind the 
the three levels is used to assign potency 


iverage linearity of response. If 


issay Is repeated he average value of 


Using the described method, the lipase activity of 


various commercially available lipase preparations 


was determined 

Since it has been shown that lipase is destroyed 
by gastric juice (3), lipase activity in enteric coated 
and nonenteric coated dosage forms after incubation 
this 


fluids was also determined For 


three 


in digestive 
forms, all commercially 
Product A 
coated forms labeled to contain 300 mg 


N. F 
on the basis of the data in 


experiment dosage 


ivailable, were selected was enterk 
pancreatin 
per tablet, corresponding to 150 lipase units 
rable I Product B was 
forms labeled to contain 150 
tablet Product C 


labeled to contain 300 mg. of product corresponding 


also enteric coated 


lipase units per was capsules 
to 2,000 manufacturer's own lipase 
On the 


was established to contain 690 lipase 


units per cap 


sule basis of our own assays, each « ipsule 
units by the 

present method 

allowed to incubate in 5 

fluid U. S. P. at 37 ren 


S. P. simulated intes 


All dosage forms were 
mil. simulated gastric 
minutes later, 2 volumes of | 
tinal fluid (without the 


incubation continued for 


pancreatin) were added and 


inother ten minutes 
Lipase assays were performed on aliquots of the gas 
Incubations were also 
fluid U. S. P 


exposing the 


tric-intestinal fluid mixture 
intestinal 
first 


carried out in simulated 


less pancreatin) only, without 


dosage form to the gastric fluid 
RESULTS AND DISCUSSION 


In the course of experimenting with this method 
we confirmed the 1. (2), 
to the effect that, within certain limits, shaker speed 
bears a definite relationship to the amount of fatty 
We standardized at a speed of POO 
vibrations per minute because with our shaker bath, 
Since the 
is affected not only 


finding of Sammons, ef al. (2 


icids liberated 


such rate of vibration gave optimal results 
mixing of the digestion mixture 
ilso by length of the stroke 
shaking mechanism, it is recommended that 


by rate of vibration but 
of the 
each individual laboratory establish optimal vibra 
tion rate for their particular equipment 

rable I shows the comparative lipase activity of 
various commercial preparations by the described 
method 

The results in 
necessity of an 


Table 


enter 


Il unequivocally show the 
coat in protecting lipase 


when exposed to gastric fluid. The protection of 
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TABLE ACTIVITY OF 


Propucts 


Wilson 
Product Lat 

Pancreatin N. F LOS300 10) 
Pancreatin N. F LOS7T37 540 
Pancreatin 4 N. F 108441 
Pancreatin 4 * N. F 113344 2,400 
Lipase 2,000 2,190 
Lipase 740 
Lipase 16,000 112355 ), 800 


Potency 
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Fiur Pius INTESTINAL FLUID Com 
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Lipase Potency 
Units/ Tablet or Capsule 
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Fluid 
Com plu 
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Product Fluid 


Intestinal 
Fluid 
Alone 


Dosage 
Form 
Enteric coated 

tablets 5 150 
Enteric coated 

tablets Lao 
Capsules (not 

enteric 

coated 


lipase by enteric coating has been 


demonstrated (4) 
rhe potency 


previously 


of different lipase preparations in 
terms of their power to liberate fatty acids from an 
olive oil-digestion mixture cannot be compared with 
two methods unless one 
has predetermined that the two give 
equivalent results. The temperature and pH of the 
incubation fluid, the length of the digesting period, 


reservations between any 
methods 


and the type and amount of the enzyme activator 
used have most significant effects on lipase activity 
In the bile, 
cholic and desoxycholic conjugates of taurine and 
glycine, is used as the lipase activator in an attempt 
to imitate physiological conditions. It 
poimted out, however, that when activating lipase 
by addition of certain bile salts as sodium desoxy 
and stabilizers, 
such as calcium ions, in amounts far in excess of those 


present. method ox which contains 


should be 


cholate (5) miscellaneous lipase 


believed present physiologically, increments in 


fat digestions as high as two times those obtained 
by the method reported here can be brought about 
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Steroidal Sapogenins LX 


Survey of Plants for Steroidal Sapogenins and Other Constituents 


By MONROE E. WALL, J. W. GARVIN, J. J. WILLAMAN, QUENTIN JONES, and 
BERNICE G. SCHUBERT 


This is a report of the chemical examination of the sixth 1,000 accessions in a sur- 
vey of plants for steroidal sapogenins. Data are given for about 1,030 species in 128 
families, practically all collected in the United States. In Agave a new record of 
4.4% genin, mostly smilagenin, was established. The collections of Dioscorea 
composita were uniformly high in diosgenin, with a new record of 10.1%. D. spicu- 
liflora regularly contained diosgenin and yamogenin, and the highly desirable 
gentrogenin and correllogenin. A sample of seed of a Yucca sp. gave 11.1% 
sarsasapogenin. The recently discovered willagenin was found again in a Yucca 
sp. Of the tota! species examined, about 10% contained alkaloids, some 64 of them 
new to the record. This is the final report on this project of plant screening. 


T= is a continuation of the previous reports 

(1-8) on the first five 1,000 plant accessions in 
our survey of plants for steroidal sapogenins and 
other constituents. It is the final report on this 
project and covers about 1,050 species in 12S 
families A few accessions (with accession 
numbers less than 5,000) from previous lists are 
included because repeat analyses showed the 


presence of alkaloids 
PROCUREMENT 


With the publication of these results, the general 
sample procurement and chemical screening phase of 
the U. S. Department of Agriculture’s search for 
plant sources of steroidal sapogenins useful in the 
elaboration of cortisone comes to a close In the 12 
years that have elapsed since the beginning of the 
program when Dr. John T. Baldwin explored West 
Africa for species of Strephanthus and Dioscorea, 
over 6,000 plant samples, representing 208 families 
and 1,397 genera, have been collected from nearly 
all parts of the world for chemical analysis at the 
Eastern Utilization Research and Development 
Division. Over two-thirds of the families of 
Angiospermae recognized in Engler and Prantl's 
“Die natiirlichen Pflanzenfamilien”’ are represented 
Obviously some of the families are very inadequately 
represented and it cannot be said that any has been 
thoroughly sampled. For the purposes of a screen 


ing program, however, coverage has been sufficiently 
broad and, in the more promising families, suffi 
ciently deep to indicate that the chances are slim 
indeed of finding better sources of steroidal sapog 


enins than have been found in the genus Dtoscorea 
Species of Agave and Yucca, though some are as rich 
in steroidal sapogenins as Diescorea, do not compare 
favorably with the latter in crop potential. Efforts 


Received August 28, 1061, from Monroe E. Wall, J 
Garvin, and J. J. Willaman of the Eastern Regional 
search Laboratory, Eastern Utilization Research and 
velopment Division, Agricultural Research Service, U. S 
Dept. of Agriculture, Philadelphia 18, Pa and Quentin 
Jones and Bernice G. Schubert of New Crops Research 
Branch, Crops Research Division, Agricultural Research 
Service, U. S. Dept. of Agriculture, Beltsville, Md 

Accepted for publication September 27, 1961 

A substantial part of the cost of publication of this survey 
was contributed by the United States Department of Agri 
culture 


are now being concentrated on fashioning a suc 
cessful crop from species of Dioscerea 

Samples reported in Table I were collected, with 
few exceptions, from four areas: Mexico, Central 
\merica, southwestern United States, and the West 
Indies his is not entirely fortuitous for these 
areas are rich in members of the three families rep 
lable I, reporting on 594 genera in 128 
families, reveals that the heaviest concentration of 
collecting activity was in the Atlantic Coast states 
with the Southwest and Pacific Coast states more 
heavily represented than in previous reports of this 


resented 


series 

Plant identification work, which could not keep 
pace with the rapid expansion of the program in 
earlier years, has now provided names for most of the 
Some taxonomically difficult genera 
such as Agave and Dioscerea are subjects of mono 


species studied 


graphic study by botanists of the New Crops Re 
As these studies progress, authori 
tative specific determinations will be made for those 
now listed by generic name only 


search Branch 


RESULTS 


lable | lists the plants containing steroidal sapog 
enins, mostly Agave, Dioscorea, and Yucca, but with 
one Ruscus. Tests for nonsteroidal constituents 
were not made on most of these and, where made, 
nothing noteworthy was found 

Table II lists the plants not containing steroidal 
sapogenins and shows the results of tests for saponin, 
flavonoids, alkaloids, and tannins 

As to steroidal sapogenins, there are several items 
The 4.4°% in 6362, A gave sp., is the highest 
in our experience, the previous highs being 3.3% % to 


of note 


3.65, The 3.6% in 6882, A gave lecheguilla, is note 
worthy in that the material was the leaf pulp after 
seutching out the fiber 

Dioscorea composita has always been a good, but 
erratic, source of diosgenin, having varied from zero 
to a previous record of 10.1°,. The present collec- 
tions of this species are uniformly high and include a 
new record of 13.2%. D. spiculiflora is the one 
species which contains the two recently discovered 
genins, gentrogenin and correllogenin (9), with 
highly desired chemical properties for the produc- 
tion of cortisone. These genins seem always to be 
accompanied by diosgenin and yamogenin. In most 
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Plant Part Hemolysis Flavonoids Alkaloids Tannins 


Date 
Collected 


Tex 
Tex 
x 


Source 
Te 


ZINGIBERACEAE 


Chiapas, Mexico 
Te 


ZYGOPHYLLACEAE 


Brewster Co., Tex 
Jeff Davis Co., 


Jeff Davis Co., 
Ward Co., 
Brewster Co., 
Brewster Co., 


Collection 


Species 


1 iflora 


Aegyptiaca 


Kallstroemia hirsutissima 


Kallstroemia par 
eganum Mexicanum 


Peganum harmala 
Tribulus terrestris 


Costus bakeri 
Larrea divaricata 


Balanites 


No 


Accession 
6414 
13 
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of the collections in the present series gentrogenin 
and correllogenin account for about half of the total 
genin of 3 to 6% 

As was recently pointed out (10, 11) steroidal 
sapogenins in Yucca seem to be highly concentrated 
in the seed. Number 6371A is another example of it 
with 11.1%, all as sarsasapogenin. Another newly 
discovered genin, willagenin (12), reported from Y 
filifera, appears again in this series in 6369, an un 
identified species from Bacanora, Mexico. 

The finding of ruscogenin and neoruscogenin in 
Ruscus aculeatus confirms the work of their dis 
coverers (13). 

Table II shows that an extremely small propor 
tion of the plants in this series gave a test for saponin 
hemolysis) and none of these contained steroidal 
sapogenins 

Plants containing flavonoids were also scarce 

There was, however, a high incidence of alkaloid 
bearing plants. Of the 1,000 species listed, 106, or 
10%, contained alkaloids. Furthermore, of the 171 
species in nine families collected in Texas 35, or 20°), 
contained alkaloids. Some 64 of these are new to 
the record. 

Too few tests for tannins were made to warrant 
any generalizations 
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By SEYMOUR L. SHAPIRO, HAROLD SOLOWAY, EDWARD CHODOS, and LOUIS 
FREEDMAN 


A series of N-dialkylaminoalkyl-N-(pyridylethyl)anilines has been prepared and 
on pharmacological evaluation significant hypotensive, anti-inflammatory, analgesic, 
and tranquillizing effects noted. 


Greecresn ACTIVITY relationships among the 

antihistamines and the phenothiazine type 
tranquillizer drugs (1) has indicated the criti- 
cality associated with small structural changes 
with such compounds. In this paper, a series 
of 
(1) envisioned as congeners of tripelennamine (II) 


PyCH,CH, 


N—(CH,)n—N(CHs)2 


2-pyridyl 2.3 

2-pyridyl-5-ethyl X H, CH, 

1-pyridyl Cl, 
has been synthesized and evaluated pharmaco 
logically. In contrast to II, the pyridine ring 
of I is separated from the nitrogen by the ethylene 
group and the benzyl group of IT has been herein 
replaced by a phenyl group directly attached to 
the nitrogen. In addition, substituents pre 
viously demonstrated to enhance activity in anti 
histamines and tranquillizing drugs have been 
introduced on the phenyl ring of I. In partic 
ular, the substitution of X = m-chloro, affords a 
group relationship paralleling that noted with 
the chlorine atom and ring nitrogen in chlor 
promazine. The linking element between the 
nitrogens was varied to provide carbon chains, 
2 and 3 atoms in length, whereas substitution on 
the more basic nitrogen was retained as the flat 
dimethylamino group (2) 

A convenient synthetic route for I involved 
pyridylethylation of the N-dimethylaminoalkyl- 
anilines following the method of Levine (3) 
With these relatively high boiling pyridylethyl 
ated products, difficulties associated with reversi 
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bility (4) of the formed product to its reactants 
during distillation, seriously restricted the yields. 
See Table I 

A variety of other synthetic routes evaluated 
proved ineffective. Thus, pyridylethylanilines 
III, Y = H, could not be successfully alkylated 
with dialkylaminoalkyl halides following con- 
ventional procedures (5) or by fusion at elevated 
temperatures (6). 

y 
cue 
CH,CH,;—N—. 


H (Illa), X Cl 
COCH,CI (IIIb), X = Cl 
COCH,N(CHs;)» (IIIc), X 
CH.CH,OH (IIId), X H 
CH,CH,C!I (Ile), X = H 


= Cl 


The compound III, Y = H, gave the chloro- 
(IIIb) which was converted to the 
dimethylacetamide (IIIc) which failed to yield 
the desired I on 


acetamide 


with lithium alu- 
Refractoriness to reduction of 


treatment 
minum hydride 
certain amides by lithium aluminum hydride has 
been noted by others (7—10) 

As another alternative, the compound IIId 
did not yield the desired haloethyl derivative 
(IIIe) on treatment with thionyl chloride or 
hydrobromic acid (11) 

On pharmacological evaluation, the noted re- 
sponses confirmed previous conclusions (1, 5) 
on the significance of structural variations on 
activity. Thus, hypotension was confined to the 
variants Py = 4-pyridyl with a 3+ response (12) 
being noted with compounds 12, 13, and 16 
which had LD wis, of 400, 500, and 350 mg./Kg. 
s.c., respectively 

Significant analgesia (13) was obtained with 
13 with an EDs of 90, 
150, and 250 mg./Kg. s.c., respectively, all having 
X = m-chloro. 

Interestingly, virtually all compounds evalu- 
ated for antihistamine effect showed no effect 
whatever with the exception of some potentiation 
with compound 7 and slight inhibition with com- 
pound 9. 


compounds 1, 7, and 
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TABLE I N-DIALKYLAMINOALKYL- N-( PYRIDYLETHYL )ANILINES (1) 


Analyses, ‘ 


M.P..« °C. (R.S.)* Carbon Hydrogen Nitrogen 
No xX " or B.P., °C. (mm.) Formula Caled Found Caled Found Caled Found 
Py = 2-Pyridyl 
1 3-Cl 2 140-148(0.03) CyHeCIN 67.2 67.0 7.3 r fe 13.8 14.1 
1S0-183 (A CopgHosCIN 15.7 15.9 3.7 3.3 16.5 16.9 
2 3-Cl 3 138 (0.02 CisHaygCIN 68.0 68.4 7.6 7.9 13.2 12.9 
4-Cl 2 152-154(0.09) CyHeCIN 
142-145 (B) CopHoxsCIN 45.7 15.6 3.6 16.5 16.7 
4-Cl 3 166-170 (0.05) CysHesCIN 
160-163 (A) CywHeCIN 15.4 4.5 3.9 3.8 16.2 16.6 
5 4CH,O 2 152-154 (0.07) CisHesN sO 42.2 72.1 8.4 8.4 14.0 14.3 
4 179-180 (C NgOis 16.6 16.9 
Py = 5-Ethyl-2-Pyridyl 
6 H 3 170-174(0.05) 13.5 13.6 
4 160-163 (C CeHyN 19.9 50.3 1.6 1.6 16.4 16.3 
7 3-Cl 2 172-—174(0.20 12.7 12.4 
3-Cl 3 158-160 (0.03) CeoHegsCIN 12.2 12.0 
9 4-Cl 3 170-172 (0.02 CopHogCIN 69.4 69.3 8.2 7.8 12.2 12.3 
Py = 4-Pyridyl 
10 H 2 154-156(0.02) CyHaN 15.6 
176-177 (D) CopHegN 47.9 18.1 10 4.2 17.3 17.6 
11 2-Cl 3 156 (0.09 CigHa CIN, 13.2 12.7 
i2 3-Cl 2 164-168 (0.02) Cy;HeCIN 67.2 67.0 7.3 7.3 13.8 14.0 
13 3 178-180 (0.02) CysHeyCIN 13.2 12.8 
d 188-189 (D 46.4 16.4 3.9 16.2 15.6 
14 4-Cl 2 168-170(0.07) CiwHeCIN 13.8 13.8 
165-166 (D CopHosCIN yOu 45.7 15.7 3.7 3.8 16.5 16.7 
15 4-Cl 3 168-170(0.05) CisHeyCIN 13.2 13.0 
16 +CH 2 158-160 (0.05 CisHesN 76.3 75.9 8.9 9.0 14.8 14.5 
178-179 (D CwHa 18.6 8.5 $.2 +4 


Tranquillizing activity reflected by reduction in 


motor activity of rats (4) was noted with the 
following: the compound No./LDmin./% reduc 
tion in activity/dosage tested: 6/250/59/50; 
12/400/ 47/100; 14/250, 69, 100 


Tranquillizing activity was also manifest in 
the capacity of compound 10 (LDwin, 200) and 
16 to prevent audiogenic seizures in mice (14) 
with a PDs of 72 and 75 mg. Kg 

Anti-inflammatory effectiveness (15) was noted 
with the following compounds showing SO- 100% 
protection at 50 mg./Kg.: 1, 6, 9, 15, and 16, 
whereas the following showed 50-63% protection 
at 50 mg./Kg.: 4, 10, 12, 13, and 14. It is of 
interest that this latter category has representa 
tion in virtually all of the structural variants in 
the series 


EXPERIMENTAL 


N - Dimethylaminoalkylanilines.— These inter 
mediates were prepared by familiar procedures 
(16, 17) and are described in Table II 

N ~- Dimethylaminoethyl - N - (2 - [2 - pyridyl]- 
ethyl) - » - methoxyaniline (Table I, Compound 
5).—A solution of 10.5 Gm. (0.1 mole) of 2-vinyl- 
pyridine, 19.4 Gm. (0.1 mole) of N-dimethy! 
aminoethyl - » - methoxyaniline (Table II, com 
pound 12), and 6.0 Gm. (0.1 mole) of acetic acid in 
150 ml. of ethanol was heated under reflux for 24 
hours. After removal of the solvent and basifying 


* Melting points were taken on the Fisher-Johns melting point apparatus and are uncorrected 
solvent; A water; B acetone; methyl! ethyl! ketone 
ford, England ‘ Dipicrate of compound immediately above 


RS recrystallizing 
dD acetonitrile Analyses are by Weiler & Strauss, Ox 


* Chlorine: Caled.: 11.2; Found: 11.4 


with aqueous sodium hydroxide, the separated oil 
was extracted with three 100-ml. portions of ether 
The ether extracts were combined, dried (magnesium 
sulfate), filtered, the ether removed, and the residue 
distilled. After a forerun of 8.6 Gm. (44°,) of the 
reactant aniline there was obtained 11.7 Gm.(40' 
of product, boiling at 152-154° (0.07 mm 

The other compounds of Table I were similarly 
prepared. The compound X alkoxy gave the 
highest yield; those compounds with X H or CH 
ifforded yields in the range 18-30',, whereas X 
Cl gave yields of 2-12", Many of the compounds 
were further characterized as their dipicrates 

N - (2 - |2 - Pyridyljethyl) - » - chloroaniline 
(IIIa) (3).—A mixture of 52.5 Gm. (0.5 mole) of 2 
vinylpyridine, 63.8 Gm. (0.5 mole) of m-chloro 
aniline, 30.0 Gm. (0.5 mole) of glacial acetic acid in 
125 ml. of methanol, after 8 hours reflux afforded 
73.0 Gm. (64°7) of crude product (m.p., 29-32° 
On recrystallization (pentane) it melted at 54-55 

Anal Caled. for CywHyCINe: C, 67.1; H, 5.6; 
N, 12.0. Found: C, 67.2; H, 5.6; N, 12.1 

N - (2 - [2 - Pyridyl|ethyl) - » - chloroaniline. 
Prepared as above, melted at 61-62° (hexane 

Anal.—Caled. for CyHypCINe: C, 67.1; H, 5.6; 
N, 12.0. Found: C, 66.8; H, 5.6; N, 11.9 

The picrate melted at 152—153° (ethanol 

Anal.—Caled. for CigHCIN,O;: C, 49.4; H, 
3.5; N, 15.2. Found: C, 49.8; H, 3.7; N, 14.7. 

N - (2 - [2 - Pyridyljethyl) - N - (m - chloro- 
phenyl )chloroacetamide (IIIb).—A solution of 18.1 
Gm. (0.16 mole) of chloroacetyl chloride in 250 ml. of 
acetonitrile was treated with 38 Gm. (0.16 mole) of 
under cool- 
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TABLE Il 


mm Formula 


CyoHigN 
CrHisNe 
CIN,» 
Cy 
CiwHysCIN 
CyHyCin, 


Cy HyyClNe 
0.04) CywHyChN 
C,H -BrN 


104 


Cy HyN-O 


Villani, F. Sperber, N., Lang, 
L. P., Meyer, F. ¢ Zienty, F. B 
© Used in subsequent work without 


im 
and Bannister 


and Papa, D., J 
Harvey, J 
analysis 


a 2-hour reflux. The solvent 
removed, the residue, in water, basified with 


ing, followed by was 
10°; 
aqueous sodium hydroxide, and the product ex 
tracted with ether and dried (anhydrous magnesium 
sulfate After removal of the and re 
crystallization (hexane), there was obtained 25 Gm 
51°; ), m.p. 58-59 

Anal Caled. for C. 38.2; 
4.6; N, 9.1 Found: C, 58.3; H, 4.6; 

The hydrochloride melted at 186-188 
ether 

Anal.—Caled. for C 
Found: C, 52.0; H,44 

The picrate melted at 145-147 

Anal Caled. for Co;HyClN Ox. 

2: N, 13.0 Found: C, 46.7; H, 3.5; N, 13.1 

N - (Dimethylaminoacety]) - N - (2 - |2 - pyridyl|- 
ethyl )-m-chloroaniline (IIIc).—A mixture of N-(2 
2 - pyridyljethy!l N m - chlorophenyl chloro 
acetamide (11.4 Gm., 0.035 mole (0.10 
mole) of dimethylamine in 50 ml. of ethanol 
maintained in a bottle at 60-70° for 6 
hours. After cooling and removal of the ethanol, 
the residue, in 100 ml. of water, was basified with 
40°; sodium hydroxide, with po 
tassium carbonate, and the separated oil extracted 
with ether After drying (magnesium sulfate 
removal of the ether, the product distilled to give 
5.7 Gm ol", 152-168 min 
1.5624 

Anal.—-Caled. for Cy;HaCIN,O: C, 64.0 
6.6; N, 13.2. Found: C, 64.3; H, 6.7; N, 

The dipicrate melted at 163- 164° (ethanol 

{nal.—-Caled. for CosH»CIN,O C, 44.8 
3.5; N, 16.2 Found: C, 45.2; H, 3.6; 

Attempted reduction with lithium aluminum 
hydride in ether, after 14 hours reflux afforded only 
52°, of the reactant ille identified 
analysis, and its not depressing 
melting point of authentic dipicrate of Ile 

N - (2 - Hydroxyethyl) - N - (2 - [2 - pyridyl|- 
ethyl aniline (IIId).-A mixture of 52.5 Gm. (0.5 


solvent 


H, 
N, 9.1 
ethanol 
H,;Cl,;N:0: C, 5: 
(ethanol 
16.9; H, 


and 5 Gm 
Was 
pressure 


aqueous salted 


and 


b.p 


H, 


by 
the 


amide, 
dipicrate, 


Caled 


X-CsH,NH(CHz), 


Chem. So 


N-DIMETHYLAMINOALKYLANILINES 


Analyses, “; 
Hydrogen 
Caled Found 


Carbon 
Found 


Nitrogen 
Caled Found 


N(CH): 


» 
60.5 
62 
60.5 


62 


10.8 
14.9 


72, 272411950), report compounds | and 5 
thid., 72, 74511950), report compounds 3, 7, 


K yrides, 


L. W and 12 


mole) of 2-vinylpyridine, 68.5 Gm. (0.5 mole) of 2- 
anilinoethanol, 30.0 Gm. (0.5 mole) of glacial acetic 
acid in 125 ml. of ethanol, under 13-hour reflux was 
processed as detailed for the compounds of Table II 
After work-up and removal of the ether, the crys- 
talline residue was triturated with pentane and re- 
crystallized (hexane) to give 26.5 Gm. (23° ), 
melting at 67-69 

Anal.—Caled. for C, 74.4; 
N, 11.6. Found: C, 74.8; H,6.9; N, 11.6 

An additional 20°, of product was obtained from 
the pentane filtrate 

It is of interest that under these conditions no 
acetylation of the hydroxy! group was noted 

\ttempts to convert the hydroxyl group to 
chlorine (thionyl chloride) or bromine (48°, hydro- 
bromic acid ) afforded intractable tars 


H, 7.5 
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2. l H 2 86-88 (1) 73.1 9.8 10.6 17.1 16.7 
ts 2 H 3 119-122 (4 15.7 15.7 
3 2-Cl 2 158-160 (21 60.7 7.6 7.9 
2-Cl 3 138 (4 62.3 8.3 13.2 12.9 
5 3-Cl 2 132-134 (4 60.5 7.6 7.9 
i 6 3-Cl 3 132-134 (1) i 61.9 8.1 8.5 
7° 2 157-162 (19 
40 147-149 13.3 13.2 
t 3,4-diCl 2 102- 51.5 51.1 6.1 5.6 
10 4-Br 3 110-114 10.9 
11” 3-CH 111-113(2 
— 12 4CH.O 133-137(2) 14.4 
af 


The leaves of Rauwolfia nitida Jacq. have 

yielded two new indole alkaloids, raunitidine, 

an | 1-methoxy-é-yohimbine, and rauniticine, 
an isomer of ajmalicine. 


T= LITERATURE on alkaloids from Rauwolfia 

species has dealt almost exclusively with 
material of root origin while leaf alkaloids have 
received little attention 

From the leaves of R. canescens, Stoll, et al. (1), 
isolated, by chromatographic means, aricine, 
isoreserpinine, reserpiline, and isoreserpiline, in 
addition to a-yohimbine previously found by 
Chatterjee (2) 
raphy of the leaf alkaloids from R. heterophylla 
showed no reserpine and spots differing from those 


Analysis by paper chromatog 


given by root material (3). Finally, from a study 
of the alkaloidal distribution in R. serpentina, 
Biswas (4) reported a 0.5% total alkaloid content 
for the leaves 

Korzun, et al. (5), have reported the presence 
of nine components in the weakly basic fraction 
from roots of R. nitida Jacq., a species indigenous 
to the West Indies and growing as shrubs or 
trees between 2 and 15 meters high (6). Recently 
we had occasion to investigate the leaves of this 
species and isolated from the weakly basic frac 
tion two new alkaloids in addition to the known 
6-yohimbines, reserpinine (0.06%), isoreserpinine 
(0.015%), and isoreserpiline (0.05%) 


~ 
rT) 
R 
H CH, 


CH,0OC 


The major new alkaloid, raunitidine, m.p. 
276-278°, [aly —30.6°, was obtained in 0.2% 
yield and shown by elemental and functional 
group analysis to be isomeric with reserpinine 
(I, R H, R’ = OCH). The second alkaloid, 
rauniticine, m.p. 253-235°, [a]l) —6.6°, isolated 
in 0.04% yield, is isomeric with ajmalicine (I, R = 
R’ = H) 

The ultraviolet spectra of the two bases were 
identical to those of reserpinine and ajmalicine, 
respectively. In their infrared spectra, bands 
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characteristic of the (CH,OOC)C—C(OR) 
chromophore appeared at 5.88 and 6.15 « (7) 
while two distinct bands on the long wavelength 
side of the 3.4 uw band served to establish the 3a 
configuration (8S) (Figs. 1 and 2). 

Each alkaloid on alkaline hydrolysis gave 
methanol and the respective crystalline acid 
which could be re-esterified with methanolic hy 
drochloric acid, in each case, to the starting base. 

Selenium dehydrogenation of rauniticine read- 
ily afforded alstyrine identical with the sam 
ple prepared from ajmalicine, while raunitidine 
or its isomer reserpinine failed to afford a signifi- 
cant amount of characterizable material 
Djerassi, et al. (7), encountered similar difficulties 
in attempting to characterize the decomposition 
products of tetraphylline, another of the 11 
methoxy-6-yohimbines. 

Raunitidine under milder dehydrogenation con 
ditions, e.g., mercuric acetate, yielded, as ex- 
pected of a 3a epimer, 3-dehydroraunitidine 
This latter was readily reduced with sodium 
borohydride to raunitidine 

Isomerization of yohimbine derivatives con- 
taining the unstable 38 configuration to the more 
stable 3a form with acetic anhydride or acetic 
acid has been reported (10). We have observed 
similar behavior in the 46-yohimbine series 
Those compounds possessing the 3a configuration 
(i.e., ajmalicine, reserpinine, tetraphylline, and 
rauniticine) were recovered unchanged when re- 
fluxed with acetic anhydride, while those con- 
taining the 38 configuration (i.e., isoreserpinine 
and reserpiline) were epimerized to the more 
stable form. 

Although 40° of starting material was re- 
covered in the case of raunitidine, a new isomer 
with strong positive rotation, [a], +131°, was 
also isolated. This substance showed an un- 
changed ultraviolet spectrum and, in the infrared, 
the original bands at 5.88 and 6.13 u of the enol 
ester chromophore as well as the characteristic 
bands for the 3e configuration (Fig. 3). Paper 
chromatography showed a single spot with an 
R, different from all other known 6-yohimbines 
The nature of this isomerization is being investi 
gated 

Isoreserpinine isolated from the leaves of R 
canescens by Stoll (1) as well as from R. hetero- 
phylla leaves in our laboratories had a specific 


rotation of —7° and showed a single spot on 


| 
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paper rhe comparable substance from R inal Caled, for CuHaNsO;: C, 71.57; H, 
nitida had a rotation of +7.5°. Infrared and 6.87; O, 13.61; N, 7.95; OCH:, 882; C-CH, 
$28. Found C, 71.60; H, 698; O, 13.77; 
N, 8.14; OCHs, 9.05; C-CHs, 4.52 
was caused by admixture with the positive rotat Its hvdrochloride crystallized from alcohol, 
ing isomer of raunitidine. Since raunitidine m_p. 262-263°, |a|p —67.5° (MeOH) 
stable on long exposure to the acids used in the Anal.—Caled. for CnHa»N2Os.HCl: c, 64.85; 
H, 6.48; O, 12.34; N, 7.20; Cl, 9.11 Found: C, 
64.73; H, 6.58; O, 12.47; N, 7.48; Cl, 9.20 
Alkaline Hydrolysis... Raunitidine (5 Gm.) was 
refluxed 3 hours with 2 L. 2N potassium hydroxide 
atography of the weakly basic fraction indicated in alcohol. The reaction mixture was worked up 


chromatographic evidence suggested that thts 


isolation procedure, the isomer is not an artifact 


but must exist as such in the plant 


In addition to the isolated bases, paper chrom 


the presence of aricine, reserpiline, and two other “* cording to Stoll (1) to give 4.8 Gm. crude ammon 
ium salt The salt (2 Gm.) was digested with two 


unknown alkaloids 
50-ml. portions of hot water, the clear solution 


idjusted to pH 7.1, and extracted 6 hours with ether 
EXPERIMENTAL The cdiiina after evaporation of the ether, cry stal 
lized from acetone to give fine needles of raunitidic 
icid, 210°, fal» —69.5° (1:1 CHCl: MeOH 
irbonate solution and extracted with benzene my (log « (og 
rhe benzene extract was shaken with 0.5 phos 281 my (log 3.61 

Anal.—-Caled. for C, 68.46; H, 
6.56; O, 17.37; N, 7.61 Found: C, 6832; H, 
6.68; O, 17.13 


Air<dried and powdered leaves (26 Kg.) of R 
nitida were moistened with saturated sodium bi 


phorie acid rhe bases were liberated from the acid 
by the addition of 10°, ammonia and were extracted 


7.80 
with 9:1 chloroform: methanol Evaporation of iG 
the solvent left 702 Gm. (2.7°,) of dark brown amor pore 
9: 20 oer thanol gave 
phous alkaloid fraction with 25 m ivdrochloric acid in methanol gave 


Raunitidine.—This fraction was refluxed 30 min 250 mg. raunitidine, identified by mixed m.p., rota- 
tion, and infrared spectrum 


Similarly rauniticine gave rauniticic acid, crys 
tallized from acetone, m.p. 227-229" (decompn. ); 
a lp —37.0° (1:1 CHCl: MeOH ) 


utes with 4 L. methanol, the crystalline slurry 
chilled and filtered to give 78 Gm. crude raunitidine 
Several crystallizations from alcohol of the hydro 
chloride from the crude base gave pure raunitidine 


hydrochloride as solvate, m.p. 230 decompn Anal Caled. { CoH N20 (0.99; H, 
~ 108° (MeOH 6.55; O, 14.18; N, 828. Found: C, 70.89; H, 
inal—Caled. for C, O, 14.42; N, 8.16 
61.90: H. 7.15: N. 6.03: Cl. 7.63. Found: C Ireatment with hydrochloric acid in MeOH as 
61.98: H 631 Cl - above gave rauniticine authenticated by mixed m_p., 


Conversion of the pure salt to base and crvstal rotation, and infrared spectrum 


lization from alcohol gave 52 Gm. raunitidine, m.p Selenium Dehydrogenation. Rauniticine (1 Gm.) 
276-278", lalp —20.6 Pv), —69.5 CHCI was intimately mixed with | Gm. selenium. The 
pKa 5.4 (90° DMF); POH 999 my (log mixture was heated to 300", maintained at that 
¢ 4.63), 208 my (log « 3.80); APH 989 my (log temperature for 20 minutes, cooled, mixed with sand, 
63.63 and extracted with ether for 8 hours. The ether 
imal —Caled. for CeHoNO, Cc, 69.09: H, residue was converted to 222 mg. picrate, the picrate 
6.85: O, 16.75: N, 7.38: 2OCHs, 16.23: C-CH,, decomposed to base, and the base chromatographed 
3.92. Found: C, 68.87: H, 6.71: O, 16.96: N, on alumina to give alstyrine from hexane, m.p 
7.31: OCHs, 16.13; C-CHs, 3.86 , 110-111°; no melting point depression when ad 
rhe alkaloids recovered from the original meth mixed with authentic alstyrine prepared from ajmali 
anol filtrate were dissolved in 12 L. 0.5 M phos cme 
phoric acid. The solution was adjusted to pH 4 Mercuric Acetate Dehydrogenation.— Raunitidine 
The liberated alkaloids were extracted with chloro 1 Gm.) and 4.5 Gm. mercuric acetate in 50 ml. 10° 
form and the chloroform solution, after washing with acetic acid was heated at 80-90° for 2 hours. The 
dilute carbonate and water, was evaporated to leave crude perchlorate obtained after the usual work-up 
205 Gm. of the weakly basic fraction The alka (8) was recrystallized from methanol to give bright 
loids remaining in the pH 4 aqueous solution were yellow needles of the perchlorate of 3-dehydro 
recovered and set aside for further investigation raunitidine as dihydrate, m.p. 175° (decompn.); 
Rauniticine.— From the weakly basic fraction, re — 72.6 (MeOH); 218 my (log 


serpinine (0.06°,) and isoreserpiline (0.015°)) were 4.38), 390 my (log 4.41); inflection 260 my 
removed by means of their insoluble nitrates and im (log € 3.88 

pure isoreserpinine (0.015°)), mp. 221-223 Anal.—Caled. for C, 
iaip 7.5 (Py , Was recovered through its oxal 5 | 12; H, 5.06 N, 5 42; Cl, 6.86 Found: oll 
ite The base from the oxalate mother liquor cry 51.34; H, 5.80; N, 5.72; Cl, 6.87 ® 
stallized from methanol to give 25 Gm. crude rauni The perchlorate in methanol was refluxed with 
ticine which still contained reserpinins, removed sodium borohydride in the same solvent for 2 hours 
as its nitrate, and raunitidine, removed as its hy to give raunitidine, identified by mixed melting 
drochloride. The final mother liquors gave 10.4 point and infrared spectrum 

Gm. (0.04°)) pure rauniticine from methanol, m.p Isomerization..-Raunitidine (1 Gm.) in 25 ml 
233-235", alp —6.6 (Pv —38.4 (CHCl); acetic anhydride was refluxed for 18 hours. The re- 


A. 228 my (log « 4.65), 282 my (log « 3.91); action mixture was poured into ice. It was alkalin- 
» 267 my (log ¢ 3.86 ized with ammonia and the bases recovered with 


‘ 
| 
: 
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chloroform. Methanol crystallization gave 380 mg 
raunitidine. The mother liquors, after chromatog- 
raphy over alumina, gave another 75 mg. rauniti- 
dine and 260 mg. tsoraunitidine from methanol, 
m.p. 259-261°; [alp +131° (Py); ABC" 998 
my (log « 4.63); 298 my (log ¢ 3.80 

tnal.—Found: C, 68.90; H, 6.99; O, 16.90; 
N, 7.60 

Similarly 1 Gm. isoreserpinine gave 0.65 Gm 
reserpinine, while 1 Gm. reserpiline gave 0.30 Gm 
isoreserpiline 

Paper Chromatography.—The solvent systems 
were run on paper wetted with formamide. For 
the 6-yohimbines the mobile phase consisted of 
5:1 heptane: methylethylketone, tor the free acids 
3:1 xylene: methylethyviketone, and for the de 
hydro compound 2:1 xylene: methylethylketone 
containing 4°, piperidine The respective R 
values reserpiline, 0.13 isoraunitidine, 0.17; 
isoreserpinine, 0.22; isoreserpiline, 0.24; ajmalicine, 


1041 


0.53; raunitidine, 0.65; reserpinine, 0.78; aricine, 
0.82; rauniticine, 0.92; raunitidinic acid, 0.53: 
rauniticic acid, 0.62; 3-dehydroraunitidine, 0.50 
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Investigation of the Applicability of Solid State 
Fluorescence to Pharmaceutical Analysis 


By W. F. HEAD, 


Ten compounds were examined for their ability to fluoresce in the solid state as 

they occur in tablet form. Four of these compounds showed fluorescence which 

could be correlated with per cent composition of fluorophor. Particle size or com- 

pression variation did not affect fluorescence, although slight effects were noted due 

to the shape of the tablet surface and degree of smoothness. Instrumental param- 
eters have been discussed. 


T= GENERAL analytical scheme in the phar 
maceutical industry depends initially on a 
sampling process to furnish a material representa 
tive of the entire substance. Usually this method 
works quite well but occasionally, due to non 
homogeneity of the material, a sample, within 
control limits, may be taken from a lot containing 
units which exceed these limits. The sample 
itself may contain units out of control but these 
may not be detected if averaged in an analysis 
with other correct units. Fortunately, with the 
aid of multiple specifications, multiple sampling, 
and process and intermediate control, this does 
not happen often 
Ideally, the analyst would like to assay each 
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manufactured unit and be assured of 100% con- 
trol. Continuous and complete control is being 
used today in some industries, notably petro- 
chemical (1). The techniques used consist of 
continuous measurement of absorbance, conduc 
tivity, etc., of liquid or gas streams. There are 
also automatic analytical processes which still 
involve a sampling step. In this case, a sample, 
automatically and continuously collected, is 
analyzed rather than the entire material. Not 
many of these relatively simple and homogenous 
systems are found in the pharmaceutical industry 

A technique used to assay each individual unit 
of a production lot obviously must be nondestruc- 
tive. Previous experiments have indicated that 
certain fluorophors can be detected in the solid 
state using a suitable fluorimeter. Solid state 
luminescence or fluorescence and solid state 
phosphorescence are not new; however, most 
quantitative fluorimetry has been performed in 


‘Wey 
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solution. If solid state fluorescence could be 
adapted to the direct measurement of the quan 
tity of fluorophor within a range determined by 
control limits, it might then be possible to moni- 
tor continuously such items as tablets, capsules, 
powders, etc. Fluorescence would measure only 
per cent composition of fluorophor. For assur 
ance of the proper dosage level, a consideration 
of the weight of each unit must also be made 
In this work, weight has been taken as normal or 


“mean’’ and fluorophor content expressed as per 


cent composition. In actual practice, such a 
technique would require measurement of the 
weight of each unit as well as measurement of 


fluorescence. An additional assumption made 
is that each unit is homogeneous within itself; 
that is, the surface and interior compositions are 
the same. Other similar techniques, utilizing 
X-ray fluorescence or diffraction or ‘‘dense media” 
absorption spectrophotometry (2) could possibly 


be applied to nonfluorescent materials 


EXPERIMENTAL 


Instrumentation and Equipment. 


The 
system of an Aminco-Bowman spectrophotofluorom 


optical 


eter was used in all phases of this work. When 
working at high signal levels, a Brown recorder with 
a continuously variable span of 1 to 21 mv. was 
employed with the photometer output of the spec 


trophotofluorometer. At lower signal levels, the 
“XY" recorder furnished with the optical unit was 
used. For tablet preparation, three-eighths inch 


standard concave punches and die and one-half 


inch flat punches and die were used with a Carver 
laboratory 


press. Optical filters used were made 

by the G. K. Turner Co., Palo Alto, Calif 
Methods.—In determining activation and emis 
sion wavelengths, the emission wavelength was 


scanned 
chromator 


200 to SOO my) while the activation mon 


manually 


was idvanced 20 my after 
each complete scan. When a fluorescent peak was 
observed, the emission monochromator was held 
steady and the activation wavelength varied slowls 


until maximum signal was obtained 

rablet samples were placed in the cell compart 
ment diagonally so that the incident beam was at an 
angle of 45° with the face of the tablet The 
sion monochromator slit was also at a 45 
with respect to the tablet and 90° to the 
incident beam A black cardboard tablet holder 
was initially used, but the tablets could not be re 
positioned accurately on either the vertical or hori 
zontal axis 


emis 
angle 
surface 


Asa result, fluorescence readings could 
not be reproduced An aluminum holder was de 
signed, in which the tablets were held firmly against 
a front plate by a clip. A square cut into the front 
of the holder allowed a portion of the surface of the 
tablet to be exposed to the incident beam. The 
holder was painted with flat black paint to minimize 
reflection and it fit snugly in the cell chamber so 
that vertical and horizontal alignment could be re 

produced accurately 


Much of this work was done using the Mosely 
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“XY” recorder furnished with the spectrophoto- 
fluorometer. However, with large emission signals, 
X and Y axis interaction caused fluorescent peaks 
to be distorted. It was desirable to amplify these 
large signals even more and ‘“‘buck out’ most of the 
signal with a constant voltage source in order to 
detect any small difference between two large elec 

trical potentials. To accomplish this and to avoid 
distortion, the Brown multispan recorder was used 
The amplified signal was fed to the potentiometer 
circuit of the 

representative 


recorder and the time base axis was 

of emission scanning. Distortion 
of peaks was not possible since there is only one signal 
axis. An external potentiometer bucking signal was 
fed into the recorder with the fluorescence signal so 
that only the very tops of the extremely large peaks 
were traced on the chart. The block diagram of 
this system is shown in Fig. 1 


REC 


Fig. 1 Block diagram of potentiometric signal 
biasing system. 7. AMP., Photometer amplifier; 
REC, Brown recorder; R1, ohms; R2,5K ohms: 
B, 5.35 v. mercury battery. 


The sample may be thought of as a first surface 
mirror in the optical path, reflecting the activation 
radiation directly into the emission monochromator 
When the emission is scanend, an extremely large 
signal is obtained when the monochromators match 
and again when the emission monochromator is at 
a value twice that of the activation wavelength being 
used (second-order diffraction of the activation 
wavelength rhe fluorescent peak usually occurs 
between these two large signals and often can only 


be seen as a shoulder on one of the large peaks. To 
remove these activation cross-over signals, inter 
ference filters, closely matching the fluorescent 


emission, or cut-off filters, opaque to the activation 
wavelength and transparent to the emission wave- 
length and longer wavelengths, were placed in front 
of the photomultiplier tube 

Examination of Fluorophors.Sodium salicylate, 
quinine sulfate, and riboflavin were chosen for initial 
observation on the basis of their excellent solution 
fluorophor characteristics. Each of these materials 
was made into tablets containing 0, 25, 50, 75, and 
100°, of active material, using a mixture of ethyl 
cellulose, potassium chloride, and about 1°) sodium 
stearate asa filler. This filler represents some of the 
ingredients used as binders, lubricants, etc., in 
tablets. The tablets were made in the flat pellet 
die at a pressure of 20,000 pounds 

Sodium salicylate at an activation wavelength of 
310 my and an emission of 415 mg (A 310, E 415), 
gave a very large signal which, even at 
photometer sensitivity 
measurable 


lowest 
of amplification, was un- 
By placing black paper diaphragms 


Re 
= | 
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in front of the tablet, the area of tablet exposed to 
the light beam was decreased from 16 sq. mm. to 
approximately 0.7 sq. mm. This decreased the 
signal so that the various fluorescent intensities 
could be measured. A plot of fluorescence vs. per 
cent composition is not linear, but the slope decreases 
as concentration This behavior is 
similar to self-quenching in liquid fluorophors at 
higher concentration. The spectrum and the emis- 
sion intensity vs. concentration curve are shown in 
Figs. 2 and 3 

Riboflavin tablets had a fluorescence (A 385, E 
610) which was almost linear with per cent composi 
tions; however, the was only a small 


increases 


emission 


INTENSITY 


FLUORESCENT 


| 


4100 450 500 550 
MILLIMICRONS 
Typical fluorescence spectrum of sodium 
salicylate. Activation 310 my 


FLUORESCENT 


| 

0 25 50 75 

PER CENT SODIUM SALICYLATE 
Fluorescence vs. per cent composition of 


100 


Fig. 3. 
sodium salicylate. 
415 mu. 


Activation 310 my, emission 
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fraction of that observed with sodium salicylate. 
When activation wavelengths of the usual solution 
values (A 420, 445, 475) were used, the emission 
from 580 my to 600 my was insignificant. 

Quinine sulfate did not exhibit significant fluores- 
cence at any activation or emission wavelength. 

Since only one of the three compounds, all being 
extremely strong solution fluorophors, showed good 
solid state fluorescence, several different commercial 
tablets were selected and scanned (without filters) 
for fluorescence. These included acetylsalicylic 
acid,' diethylstilbestrol (DES), aminophylline, as- 
corbic acid, nicotinic acid, nicotinamide, and isoni- 
cotinyl hydrazide (INH). A blank tablet emission 
spectrum was obtained by using a tablet containing 
1°) stearate in a mixture of equal parts potassium 
chloride, ethyl cellulose, and starch. Of these 
products only acetylsalicylic acid (A 275, E 330) 
and DES (A 250, E 350) showed good fluorescent 
peaks. 

A tabulation of almost 3,000 fluorescent compounds 
is given in DeMent’s monograph on fluorescence (3). 
Most of the compounds used in this study are 
listed as being fluorescent (blue to violet) in the 
original state when activation light from a mercury 
are lamp (full spectrum) is used. Therefore, at an 
activation of 365 my, and using a Turner No. 110- 
816, 415 my cut-off filter (415 my C.O.), all tablets 
were re-examined at a higher sensitivity. These 
tablets were made from pure materials to avoid any 
extraneous peaks due to excipients, binders, etc. 
Again, no fluorescence was observed except with 
acetylsalicylic acid and DES 

Prior to fluorescence, there must be absorption of 
radiation. Therefore, the emission of all compounds 
was scanned using activation wavelengths corre- 
sponding to their absorption maxima. The only 
fluorophors found were the same ones previously 
detected. Only the 370 my absorption band of 
riboflavin produced fluorescence. The other absorp- 
tion peaks (265, 445, 475 my) did not yield fluores- 
cent peaks at all or the emission observed was poor 
and did not correspond to per cent composition of 
riboflavin. 

Sodium salicylate, acetylsalicylic acid, and DES 
were good fluorophors; riboflavin was a poor to 
moderate fluorophor. It is interesting that DES 
irradiation (250 mu) produces a yellow compound 
and the fluorescent intensity diminishes with time 
It is necessary to read the emission quickly and avoid 
overexposure. The optimum conditions for these 
fluorophors are listed in Table I 

Effect of Tablet Variables on Fluorescence.—Sev- 
eral 10-gr. commercial sodium salicylate tablets 
were ground and sieved into powders of 40-80 mesh 
and greater than 80 mesh. Tablets were then made 
from these powders, varying the compression, par- 
ticle size, and shape of the tablet in turn. A stand- 
ard concave tablet was compared to a flat tablet, 
holding pressure and particle size constant at 10,000 
Ib. and 40-80 mesh, respectively. Flat tablets 
made at 10,000 and 20,000 lb. (using 40-80 mesh 
powder) and using both particle sizes (at 10,000 Ib.) 
were used for testing the effect of compression and 
particle size. All tablets had the same per cent 
composition of fluorophor. 
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TABLE I.--SpecTRAL CHARACTERISTICS OF 


FLUOROPHORS 


Activa Kmi 
tron son 
Fluorophor my My Filter 
Sodium 310 $15 Turner No. 110-816 
salicylate 4115 me C.O 
Riboflavin 370 595 Turner No. 110-820 
595 my C.O 
DES 350 Turner No. 110-811 
360 my mterference 
filter 
Acetylsalicylic 275 330 '/, mil Mylar film 
acid A’s 330 012 
A's 275 my 


Rather than use diaphragms to decrease the 
sodium salicylate fluorescence, a less effective acti 
vation wavelength (250 mg) was used This allows 
the entire sample (16 sq. mm.) to be viewed and 
differences in fluorescence are more likely to be de 
tected This is especially true in the case of tablet 
shape variation. Under these conditions, fluorescent 
intensities were the same for all tablets 

These tablets were examined again at a higher 
sensitivity using 310 my activation, a higher pho 
tometer amplification, and the signal biasing system 
with the Brown recorder Again, no difference in 
fluorescent intensities was observed. However, 
under these conditions, there was too much signal 
and amplification for the photometer to functior 
within limits. The output circuit of the amplifier 
has a current controlling network to prevent over 
loads and, apparently, the difference in tablet 
fluorescence, if present, could not be detected be 
cause the signals could be amplified only to a cer 
tain maximum 

Using the 250 my activation again to decrease the 
fluorescence, but increasing photometer amplifi 
cation and biasing the signal before it reached the 
Brown recorder (the photometer operating within 
its limits), a difference in fluorescence was observed 
between standard concave tablets and flat tablets 
Differences in fluorescence due to particle size or 
compression variation were not detected. The 
rounded tablets gave a slightly less intense signal 
than did flat tablets 

Roughness or smoothness of tablet surface also 
affect signal intensity A flat tablet, roughed by 
filing, gives a stronger emission signal This ef 
fect was not a large one even when comparing a 
completely dull surface to an almost mirror-like 
surface. The fluorescence differences due to sur 
face shape and smoothness do not pose a serious 
problem since tablets of a given lot do not vary 
greatly in surface character. In addition, the 
magnitude of signal difference is only approximately 
mv. ina 1-volt signal 

Small Variations of Fluorophor Concentration.— 
Sodium salicylate, riboflavin, acetylsalicylic acid, 
and DES fluorescence have been found to be gov- 
erned by per cent composition over a wide range of 
concentration. For purposes of determining whether 
tablets from a production line are within limits, the 
technique must be able to distinguish between a very 
small range of fluorophor concentration 

Commercial tablets of the four fluorophors were 
ground to a powder and accurately weighed quan 
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tities of active material were added to give a slightly 
higher per cent fluorophor composition. The 
amounts of material added were determined by the 
permissible variation allowed in the specifications 
for each tablet For example, a table having a 
range of 50 to 55°) composition (control limits) 
would be ground and its mean of 52.5°;) assumed 
lo two portions of this material, enough fluorophor 
would be added to bring the composition up to 55 


and 57.5‘, Recompression of original tablet ma- 
terial and tablet material plus added fluorophor was 
carried out at 10,000 Ib. using both a standard 
concave and a flat punch and die 

Differences in fluorescence were observed when 
the signal biasing system and maximum permissible 
unplification were used. However, these dif 
ferences were random and not in accord with per 
cent composition. This variation was due to the 
normal amplifier, phototube, and lamp instability 
ind was also present with liquid fluorophor systems 
under these conditions. It was necessary to make 
several readings to establish an average In doing 
this, no significant fluorescence difference was ob 
served for slight fluorophor variation in any of the 
four substances 


SUMMARY AND CONCLUSIONS 


Solution fluorophors may or may not exhibit 
fluorescence in the solid state. The reasons for 
this behavior are possibly concerned with the ex- 
istence of certain resonance forms or the ability 
to form resonance species in the solid condition 
Of 10 known solution fluorophors examined, four 
showed fluorescence in the original state. This 
fluorescence was related to concentration of 
fluorophor and was not affected by particle size 
or compression. Slight effects were produced by 
variation of tablet shape or degree of surface 
smoothness. Fluorescence variations due to 
slight differences in fluorophor content could not 
be detected. The ease of such detection will 
depend on the slope of the fluorescence vs. com- 
position curve in the particular region under con 
sideration, becoming progressively harder as the 
slope approaches zeTo rhe strong signals could 
be amplified many times, then biased, but any 
difference in signals could be lost in instrumental 
instability. If the photometer amplifier used in 
this work were replaced by an extremely high 
output, high stability amplifier, a difference in 
emission might possibly be detected. Before 
realization of complete product control, much 
more research must be done, especially in in- 
strumentation for this purpose, and in other 
techniques in addition to fluorescence. 
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Notes___ 


Crystallography of Bishydroxycoumarin 


By HARRY A. ROSE and JOHN G. WILLIAMS 


) yore COUMARIN or  3,3’-methylenebis both the a and b axes. Tables I, Il, and III give the 
[4-hydroxy-1,2-benzopyrone| is used in medi X-ray diffraction data, optical crystallographic data, 
cine as an anticoagulant. Data are presented here and X-ray powder diffraction data, respectively 


which permit the identification of this compound by 
crystallographic methods 
The compound is represented by the following TABLE II].—-OprticaL CRYSTALLOGRAPHIC DATA 


structural formula 


Refractive indexes a 1.508, 8 > 1.70, y > 1.70 
o 5 oO. O Optic axial angle (—), 2V large 
¥ y if Orientation aAa 53° in acute 8, y = b 


- OH OH 


Tassie Ill X-RAY POWDER DIFFRACTION DATA 


Crystals suitable for crystallographic work may be 


obtained by crystallization from a hot, saturated € (caled.) 
benzene solution in spite of the low solubility in that 3 as 
solvent. The crystals are short monoclinic rods 6 0 ryt 
elongated parallel to the a axis, show ing the Oll faces 5 82 0.40 111, 200 5.84, 5.82 
and closed by the 100 faces. Occasionally a small 5 55 0.08 021 5.62 
010 face may be seen 5.35 0.08 210 5.4 
The X-ray powder diffraction data were obtained 5.15 0.12 201 5.138 
using copper radiation and nickel filter. A wave +. 62 0.16 220 4.72 
length value of 1.5405 A. was used in the calcula 4.27 0.30b 211,221,002 4.31, 4.25, 4.19 
» 
tions. The indexing of the powder pattern was done 4 
on the basis of single crystal rotation patterns around 3 68 0 30 202, 022 3.65, 3.65 
3.57 1.00 212 ‘ 
TABLE I. X-RAY DIFFRACTION DATA 3.3 0.60 222 
3.20 0.16 032, 202 3.23, 3.19 
Unit cell dimen- b 15.16 A.; 2.97 0.40 232 2.97 
atone 8.47} 2.90 0.04 401 2.91 
Formula weights 4 2.79 0.04 003 2,79 
per cell 2.70 0.04 232 2.70 
Formula weight 336.29 2.63 0.04 028 2.62 
Density 1.495 Gm./ml. (displacement), 0.04 
1.497 Gm./ml. (X-ray) 6.08 0.04 251 2.51 
8 Angle 98°10’ 2.47 0.04 
(Axial ratio a b 0.775: 1:0.5587 2.38 0,04 
. 9 
Space group Ci. — P2,/m 0.04 
2.30 0.04 
2.24 0.02 
15 
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search Dept., Eli Lilly and Co., Indianapolis 6, Ind O06 0.04 ‘ 
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Effects of Gibberellic Acid on Nicotiana rustica var. Brasilia Plants 


By D. P. CAREW 


A study was made of the effect of gibberellic acid on the growth of tobacco plants 
and the accumulation of nicotine. While gibberellic acid increased the rate of 
growth and the total chlorophyll content, a decrease in nicotine content was 
observed. 


f p= EFFECTS of gibberellic acid (G.A.) on plants — physiological processes such as cell division, stem 
are well known. There have been numerous re elongation, and flowering (1, 2). However, reports 
ports concerning the effects of G.A. on various plant — concerning the effect of G.A. on the accumulation of 
secondary plant constituents have been much less 
numerous (3-5). In this investigation, studies were 
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State University of lowa, lowa City at 
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EXPERIMENTAL 


The Nicotiana plants were grown from seed 
(Nicotiana rustica var. Brasilia) in a greenhouse 
The seed was sown on May | in flats and later trans 
ferred to individual pots. When the plants were 
nine weeks old they were divided into three groups. 
Two groups, consisting of 14 plants, underwent 
treatment with G.A. and the third group of seven 
plants served as a control 

Freshly prepared aqueous solutions of G.A. con 
taining 0.1% Tween 80 were employed. The levels 
of treatment were 25 and 100 p.p.m. Contrary to 
the common procedure of simply dipping or spray- 
ing the plant or plant part with a solution of G.A., 
in this experiment a known volume of a G.A. solu 
tion of definite strength was applied. In each case 
treatment was accomplished by spraying the leaves 
of the plant with 25 ml. of the appropriate solution 
contained in an atomizer. The control plants were 
sprayed with 25 ml. of distilled water containing 
0.1% Tween 80. The treated plants each received 
three treatments spaced at 10-day intervals 

The general appearance and height were re 
corded at periodic intervals throughout the experi- 
ment. The length and width of the lamina of the 
five lower leaves of each plant were measured period- 
ically rhe plants were harvested two weeks after 
the final treatment and at that time the leaves were 
separated from the main axis and the fresh weight 
of the leaves and the stems was determined. The 
leaves and stems were then separately broken up 
and dried in a forced-air circulating oven at 40° 
for 96 hours and the dry weights were determined 
The dried leaf and stem material was then stored in 
vacuum desiccators for subsequent chlorophyll and 
nicotine analysis 

The procedure used for the determination of total 
chlorophyll was that of the AOAC. (6 The 
chlorophyll content of the leaves of control plants 
was used as a standard. Using various dilutions, as 
outlined in the A.O.A.C. procedure, the total 
chlorophyll content of the treated and untreated 
plants was determined. 

Dried leaf and stem tissue was analyzed sepa- 
rately for nicotine as follows: the dried leaves or 
stems of individual plants were ground in a Wiley 
mill to a No. 20 powder. The ground tissue was 
then thorouschly moistened with 30°) sodium hy- 
droxide solution, air dried, and then extracted with 
anhydrous ether tor 24 hours in a Soxhlet extractor 
After 24 hours, the ether extract was removed, fresh 
solvent added, and the tissue was again extracted 
for 24 hours. The ether extracts were combined and 
concentrated to a volume of 150 ml. This con- 
centrate was transferred to a separator where it was 
extracted six to eight times with 75-ml. portions of 
15% sulfuric acid. The aqueous extracts were then 
combined, cooled, and made distinctly alkaline with 
30°) sodium hydroxide solution. This alkaline mix- 
ture was extracted six times with separate 125-ml 
volumes of ether. The extracts were combined and 
the ether was removed. The residue was dissolved 
in 95° ethanol and allowed to stand for 24 hours 
to allow for salt precipitation. The alcoholic solu- 
tion of nicotine was concentrated to a volume of 10 
ml. on a water bath. To this concentrate was 
added a saturated solution of picric acid in 95° 
ethanol and the dipicrate salt of nicotine was formed. 
This compound was recrystallized from ethanol 
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dried, and weighed. In each case the compound 
melted at a temperature of 223-225°. The nicotine 
content of the control plants was used as a basis 
for determining any increase or decrease in nicotine 
content of the treated plants. 
RESULTS AND DISCUSSION 

The treated plants responded to G.A. in a typical 
manner. They increased in height rapidly following 
the first and second applications. Most of the in- 
crease was internodal. While the treated plants ex- 
hibited an initial response to G.A., as the growing 
season continued their rate of growth was greatly 
reduced. The increase in height appeared to be due 
to increased cell elongation in the stem tissue, a 
phenomenon very common to plants treated with 
G.A. There was no significant difference between 
the number of leaves formed on the control and 
treated plants. The height of all plants was deter- 


mined periodically and the growth rates are re- 
corded in Table I. 


TaABLe I HEIGHT OF TREATED AND CONTROL 


PLANTS 
Initial 10 ll 12 Final 
Height® Weeks Weeks Weeks Height 
25 p.pm. 33.0 53.0 74.25 77.0 81.25 
100 p.p.m, 34.25 54.5 83.25 87.25 88.75 
Controls s1.5 36.0 45.0 52.5 58.0 


@ Measurements are in cm. and each figure represents the 
average of the plants in the group. The initial height was 
measured on the day of the first treatment and the final 
height was recorded on the day of harvest 


A comparison of the fresh and dry weights of the 
leaves and stems further illustrates the tendency of 
G.A. to promote stem elongation. As indicated in 
Table II the fresh and dry weight of stem tissue of 


control plants is much less than for the treated 
plants 


TABLE II.—-FRESH AND Dry WEIGHT*® oF TREATED 
AND CONTROL PLANT PARTS 


Leaves Stems -< 

Fresh Dry Fresh Dry 

25 p.p.m 154.2 19.4 80.0 27.9 

100 p.p.m 166.6 21.2 98.1 33.3 
Controls 160.0 20.5 §2.5 15.0 


@ Weights are in Gm. and each figure represents the average 
of the plants in a group 


At the time of harvest the results of leaf surface 
measurements revealed that there was no significant 
difference between the size of the leaf surfaces of 
the two levels of treated plants. However, the 
treated plants possessed leaves which were on the 
average 6 cm." greater in surface area than those of 
the control plants 

While plants under the influence of G.A. com- 
monly exhibit a chlorotic effect it has been pre- 
viously noted that these plants may actually contain 
an increased amount of chlorophyll (7). The treated 
plants in this experiment exhibited a mild chlorosis 
as well as occasional evidence of sun-scalding. The 
results of the total chlorophyll determination in the 
treated and control groups revealed no significant 
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difference in the amount of chlorophyll present in 
the two groups of treated plants. However, the 
treated plants were found to possess 10°; more total 
chlorophyll than the control group 

In determining whether there was any increase or 
decrease in nicotine content in the leaves and stems 
of the treated and control groups, the nicotine 
found in the control plants was considered as 100°). 
By comparison, it was found that the leaves of 
plants treated with 25 p.p.m. of G.A. contained 
79.2% nicotine, and the leaves of plants treated with 
100 p.p.m. G.A. contained 93.2 nicotine Pre- 
vious workers have also reported a decrease in alka- 
loid concentration in G.A.-treated plants (8-10). 
The nicotine content of the stems of both treated 


Magnetic Iron Oxide for Use in 
Tablet Coating 


Sir: 


Rednick, et al. (1), reported the use of reduced 
iron as an aid in pan coating small batches of 
tablets. The procedure involved incorporating a 
small amount of the iron in the placebo tablets, 
combining both the active and placebo tablets 
(having the same dimensions), coating the mixed 
batch of tablets and finally separating the active 
from placebo tablets by passing them through a 
magnetic selector 

Since that time a high permeability magnetic 
iron oxide (an oxygen saturated iron oxide 
Fe.O;) has been made available to The 
lower chemical reactivity of iron oxide makes its 
use preferable to that of reduced iron. This 
magnetic iron oxide reportedly has a_ higher 
permeability than reduced iron; however, no 
attempt was made to verify this 


1 Wright Industries Inc., 412 55th St., Brooklyn 20, N. Y 
Available in research quantities only 


ERRATUM 


In the paper titled “Rate of Release of Medica- 


and control groups was very low and there was, in 
fact, no significant difference between the amount 
present in the two groups 
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Communtications___ 


The magnetic iron oxide was incorporated into 


two lots of tablets (containing 5 mg. each) using 
a wet granulation method for one and a slugging 
procedure for the other. To 100 tablets of each 
formula was added 20,000 placebos of identical 
size and shape but without the iron oxide. Both 
batches where then sugar coated, making the 
iron oxide tablets indistinguishable from the 
placebo tablets 

The material was then passed through a mag- 
netic selecting machine which removed the iron 
oxide tablets, thus demonstrating that magnetic 
iron oxide is an adequate substitute for reduced 
iron. 


(1) Rednick, A. B., Nicholson, A. E., and Tucker, 8. J., 
Journan, 50, 174(1961) 
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ments from Ointment Bases Containing Drugs in 
Suspension” (1), the last equation should read 


dQ _ 
dt 


rather than 


dt 


(1) Higuchi, T., Tars Journar, 50, 874(1961). 


dQ ADC, 


ADC, 
= 


2t 
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Determination of the Absolute 
Configuration of Cycloheximide 


Str: 


Cycloheximide, an antibiotic obtained from 
Streptomyces griseus, is of particular interest be 
cause of its antifungal and anticancer activity 
Recently, the absolute configuration of the methy] 
group gamma to the keto group in cycloheximide 
(I) was determined by relating this center to 


p-glyceraldehyde using reactions which could not 


have caused an isomerization (1). 


2~CH,CH 


OH 0 


We have now determined the absolute contig 

uration of the methyl group alpha to the keto 
group of cycloheximide by the following sequence 

treatment of cycloheximide (1) with phosphorus 
pentoxide in benzene gave anhydrocycloheximide 
(II), which on hydrogenation with a platinum 
catalyst in acetic acid gave tetrahvdroauhvydro 
cycloheximide (III) (2). When tetrahydroanhy 

drocycloheximide (III) was allowed to react with 
thionyl chloride in dioxane solution, a good vield 


of the chloro compound (IV) was obtained 


(m.p. 136-138°) 
Anal.—Caled. for CysHaCINOs: C, 63.03: 
H, 8.46; N, 4.90; Cl, 12.40. Found: C. 63 29; 


H, 8.29; N, 5.05; Cl, 12.14 
Treatment of compound IV with zinc dust 
acetic acid 


and 
gave dideoxycycloheximide (V) 


(m.p. 135-136°). 


Journal of Pharmaceutical Sciences 


Anal.—Caled. for 71.67: H, 
10.0; N Found: C, 71.90; H, 9.84; N, 5.76 
Determination of the optical rotation of V 
gave la]; —9.07° = 


» DOG 


6% in acetone) 


The observation that V is optically active 
establishes that the methyl groups are trans, 
since the corresponding compound with cis 


methyl groups would be meso due to its plane of 
symmetry.‘ Therefore, the absolute configura 
tion of both methyl groups of cycloheximide is 
correctly depicted in I. Similar conclusions 
have recently been obtained by a totally different 
procedure (3). 


CH.“ 


0 

Hoy 

Cl 
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Ostecki, J 
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' The fact that there was no change in configuration of the 
methyl groups in this reaction sequence and the description 
of other stereochemical interre lationships will be the subjects 
of a future paper 
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U.S.P. XVI Monographs for 
Radiopharmaceuticals 


Sw: 

Phe January 1961 issue of Tuts JOURNAL pub 
XVI mono 
rhe author 
Peng, perhaps lacks a com 


lished a letter criticizing the U.S.P 
graphs for radiopharmaceuticals 

of that letter, C. ‘I 
plete understanding of the basic principles that 
govern the U.S.P. revision program, one of which 
requires that revisions of the monographs be sup 
ported by well-documented experimental data 
Dr Peng has criticized certain aspects of the 
monographs, but the data on which his criticisms 
are based are not readily available to the scien 
S.P 


tific community or even to the I 


Committee 


Revision 
On behalf of this Committee and 
others who donated time and effort in helping 
to prepare the monographs for radioactive drugs, 
I should like to answer some of Dr. Peng’s criti 
cisms and confirm the suitability of the mono 
graphs for compendial purposes 

Dr. Peng made six specific criticisms in his 
letter that may be summarized briefly as follows 

1. The effect of radiolysis upon the added 
bacteriostatic agents was not considered and the 
effect of such radiolysis is unknown 

2. Asa result of radiolysis, some of the iodide 


in sodium radio-iodide solution U.S.P. is 
organically bound and unavailable for therapeutic 
use 

3. The presence of heavy metals in sodium 
radiophosphate solution U.S.P. results in loss of 
activity 

4. The IJdentification 
phosphate solution U.S.P. is not 
marked lack of 
of the various calculations 

5 rhe 


6 Che U.S.P. is deficient in failing to specify 


test for sodium radio 


suitable, and 


there is a consistency in some 


Issay procedures are not suitable 


1 definite counting instrument and to provide 


specific information regarding counting tech 
niques 

We should like to discuss each of the six points 
mentioned above separately. 

Point 1. In 
added 


that 


reference to the radiolysis of 


bacteriostatic agents, Dr. Peng claims 
“the presence of odoriferous «compounds 
and the discoloration in these preparations, as 
noted in the U.S.P., may be explained on this 
“Neither the toxicity 


to man of these radiation decomposition products 


basis."” He also states 
nor their value as bacteriostatic agents have been 
determined; indeed the extent of radiation de 
composition of the added bacteriostatic agent in 


the preparation has not been evaluated.” 


1049 


The bacteriostatic agents commonly used for 
these products have odors of their own and, when 
added to the radioactive solutions, impart some 
of their odor to the solutions. For this reason 
the U.S.P. monographs make provision for some 
odor in the solutions and not, as Dr. Peng con 
jectures, to provide for radiolysis products 
the provision made for darkening is 


based upon the fact that it is characteristic of both 


Similarly, 


the solution and the glass of the container to 
darken on standing 

We agree that data in regard to the possible 
toxicity of radiation-decomposed bacteriostatic 
agents may be lacking, but, insofar as we are 
aware, no evidence exists that such decomposi 
tion takes place. Dr. Peng was not correct in 
stating that no evaluation has been made of the 
extent of radiation decomposition of added 
bacteriostatic agents for we understand that at 
least one of the producers has made such an 
evaluation. When activity concentrations simi 
lar to those present in therapeutic preparations 
and longer-than-usual holding periods were used, 
both ultraviolet spectroscopy and gas chromato- 
graphic determinations showed the presence of 
the same quantities of the same organic materials 
in the solutions exposed to radioactivity as in 
It thus 
appears that radiolysis of added bacteriostatic 


those not exposed to such radioactivity 


agents is not a factor of importance for these 
products 
Point 2 


tion that some of the radioactive iodine is bound 


If Dr. Peng is correct in his assump 


by the bacteriostatic agent, this may indeed be 
the consequence of radioactivity in the solution. 
No explanation for Dr. Peng’s unpublished ob 
servations can be offered, but it would be helpful 
to know whether the solutions used in his experi 
S.P. XVI test for 
An amount of organically 


bound iodide sufficient to give the response re 


ments conformed to the | 
Radtoc he nite al purity 


ported by Dr. Peng should be detectable by this 
procedure, and, if it is not so detectable, consider 
ation should be given to a revision of the mono- 
graph 
Point 3 


the adsorption and colloid formation characteris- 


The effects of heavy metals on both 


tics of phosphorus® were recognized during the 
preparation of the monograph for this product, 
and this is the reason for the statement in the 
monograph: “Inactive sodium phosphate carrier 
Although 
most of the sodium radiophosphate solution U.S.P. 


may be added during processing.” 
available commercially contains added carrier, 
we were informed that some solutions do not 
This illustrates one of the 
difficulties encountered in writing a monograph 


contain such carrier 
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for a product available from several suppliers 
If the monograph specifies that .carrier must be 
added, then the equally acceptable carrier-free 
product would not conform to the monograph 
specifications. Our solution in this instance was 
to make addition of carrier optional 
Point 4. We do not agree with Dr 
opinion that a maximum range determination 
should be used to identify phosphorus*®. Al 


Peng’s 


though it is obvious that more than one procedure 
may be suitable for identification purposes, the 
persons consulted in this regard recommended 


adoption of the absorption coefficient procedure 


because of its relative simplicity and suitability 
for routine use. Maximum range determinations 
are complicated, and we are informed that they 
In this 
**Most 


more accurate 


do not lend themselves to routine use 

regard one of our advisors has written: 
feel it 
to compare the absorption under a given set of 


investigators is much 
conditions and detector with the absorption of a 
sample of known purity. In this manner the 
various factors referred to (in the Peng letter) 
are eliminated in the comparison method.” 

(It should be mentioned at this time that the 
First Supplement to U.S.P. XVI will revise this 
Identification test procedure to specify the use of 
one additional absorber of S800-mg.-per-square 
centimeter thickness. ) 

The apparent lack of conformity of the similar 
calculations is not a major oversight although we 
agree that conformity would be preferable. The 
factor of 100 in the I'*' and P® calculations is 
required to convert the results obtained on the 
specified 0.01 ml. of sample to a mg.-per-ml. basis 
In the other procedures the sample size is not 
specified; hence, the inclusion of such a factor 
is unnecessary 

Point 5 
of calibrated standards has not 
difficulties 


Insofar as we are aware, the use 


caused undue 
Although the so-called permanent 
standards are undoubtedly used by some labora 
tories, our advisors recommended that we omit 
specification of them in the U.S.P. monographs 
Results obtained standards 
during the preparation of the I'*' and P*® mono 


using permanent 
graphs showed some discrepancies that could not 
be explained, and this supported the recommenda 
tions of Moreover, 


our advisors permanent 


standards were available only for I'"' and P™ 
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thus it 
was impossible to consider such standards for 
the other radiopharmaceuticals. 

Point 6. The suggestions to specify. the use of 
a particular counting instrument and to include 
detailed instructions on the application of count 


when the monographs were prepared; 


ing techniques show a definite lack of understand- 
ing of U.S.P. policies 
of the U.S.P. to refrain from specifying use of a 


It is an established policy 


particular kind or make of instrument when 
several different instruments are suitable 

The U.S.P. is not designed to be a textbook on 
the various methods of analysis included therein 
U.S.P. procedures will presumably be used by 
qualified personnel having knowledge of the in 
struments and operations required, and for this 
reason detailed discussions of the various ana- 
lytical techniques are not included in the U.S.P. 

One additional point may be worth mentioning. 
In the last paragraph of his letter, Dr. Peng im- 
plies that bacteriostatic agents are added to steri 
lize the Addition 
agents is not a substitute for proper sterilization 
of the solutions during manufacture 
teriostatic agents are added to maintain sterility 


solutions of bacteriostatic 


The bac- 


during storage and use, but only after the solu- 
tions are sterilized by conventional means 

In conclusion, I should like to emphasize that 
each of the points raised by Dr. Peng will be 
considered further by a panel of experts on radio 
active drugs in connection with review of the 
US.P. XVI US.P. XVII. 
Serious consideration can be given, of course, only 
to published data or to the unpublished but well 


monographs for 


data submitted to us by various 
investigators. All such data should be sent to 
Dr. Lloyd C. Miller, Director of Revision, United 
States Pharmacopeia, 46 Park Avenue, New York 
16, N. Y., for reference to the U.S.P. Subcom- 
mittee concerned 
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